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$SUR[LPDGDPHQWH  [  KD GD FREHUWXUD JOREDO GDV IORUHVWDV WURSLFDLV VmR
DOWHUDGRV DQXDOPHQWH SHOD IUDJPHQWDomR 2 SURFHVVR GH IUDJPHQWDomR WHP
P~OWLSORV HIHLWRV QHJDWLYRV VREUH HVVHV HFRVVLVWHPDV SRGHQGR DOWHUDU D
GLYHUVLGDGH FRPSRVLomR H RV SURFHVVRV HFROyJLFRV (QWUHWDQWR RV HIHLWRV GD
IUDJPHQWDomRQmRVmRKRPRJrQHRVSDUD WRGDVDVHVSpFLHVD LQWHQVLGDGHGHVVHV
HIHLWRVVREUHDVSRSXODo}HVGHSHQGHGDELRORJLDGDVHVSpFLHVHGDVFDUDFWHUtVWLFDV
GD SDLVDJHP (VWXGRV FRP GLIHUHQWHV DERUGDJHQV SRGHP DX[LOLDU PXLWR QR
HQWHQGLPHQWR GRV PHFDQLVPRV H SURFHVVRV HFROyJLFRV DWXDQWHV HP VLVWHPDV
IUDJPHQWDGRVFRQWULEXLQGRSDUDRSODQHMDPHQWRGRXVRGDWHUUDHSDUDXPDSROtWLFD
GDFRQVHUYDomRGDQDWXUH]D'LDQWHGLVVRRREMHWLYRSULQFLSDOGHVWHHVWXGRIRLWHQWDU
HQWHQGHU FRPR VmR RUJDQL]DGDV DV FRPXQLGDGHV DUEyUHDV HP XPD SDLVDJHP
IUDJPHQWDGD DVVLP FRPR WHQWDU LQIHULU RV SURFHVVRV UHVSRQViYHLV SRU HVVD
RUJDQL]DomR2HVWXGRIRLUHDOL]DGRHPQRYHIUDJPHQWRVIORUHVWDLVGH0DWD$WOkQWLFD
VHPL GHFtGXD DR UHGRU GD FLGDGH GH $OIHQDV0* LQVHULGRV HP XPD SDLVDJHP
DOWDPHQWH IUDJPHQWDGD'HQWUR GH FDGD IUDJPHQWR IRUDP LQVWDODGDV  SDUFHODV H
WRGRV RV LQGLYtGXRV FRP DOWXUD VXSHULRU D  PHWURV IRUDP DPRVWUDGRV 1RVVRV
UHVXOWDGRV LQGLFDP TXH PHVPR IUDJPHQWRV ORFDOL]DGRV HP SDLVDJHQV FRP EDL[D
FREHUWXUD IORUHVWDO H LQVHULGRV HP PDWUL]HV DQWUySLFDV SRGHP WHU DOWD ULTXH]D H
GLYHUVLGDGHGHHVSpFLHVFDStWXOR$OpPGLVVRYHULILFDPRVTXHHVVHVIUDJPHQWRV
DSUHVHQWDPDOWDGLYHUVLGDGHEHWDHTXHDYDULDomRQDGLYHUVLGDGHEHWDpGHYLGRj
VXEVWLWXLomRGHHVSpFLHV³WXUQRYHU´HQmRDRDQLQKDPHQWR(VVHVUHVXOWDGRVIRUDP
HQFRQWUDGRVWDQWRSDUDiUYRUHVGRGRVVHOTXDQWRSDUDDViUYRUHVHDUEXVWRVGHVXE
ERVTXHRIHUHFHQGRLQGtFLRVGHTXHRVIUDJPHQWRVSRGHPPDQWHUDDOWDGLYHUVLGDGH
DRORQJRGRVDQRVFDStWXOR4XDQWRDRHIHLWRGDSDLVDJHPVREUHRVDWULEXWRVGDV
FRPXQLGDGHV GH iUYRUHV DGXOWDV H UHJHQHUDQWHV YHULILFDPRV TXH QmR Ki UHODomR
HQWUHRVDWULEXWRVGDViUYRUHVDGXOWDVHRVDWULEXWRVGDFRPSRVLomRGDSDLVDJHP
3RU RXWUR ODGR RV DWULEXWRV GD FRPXQLGDGH GH LQGLYtGXRV UHJHQHUDQWHV WHP XPD
UHODomR SRVLWLYD FRP D SRUFHQWDJHP GH PDWUL] GH SDVWR FRQWUDULDQGR DV
H[SHFWDWLYDV(VVH UHVXOWDGRSRGHVHUDWULEXtGRDREDL[RPDQHMRGHVHQYROYLGRQDV
iUHDVGHSDVWDJHQVGDUHJLmRFDStWXOR-iTXDQGREXVFDPRVHQWHQGHUDYDULDomR
GDGLYHUVLGDGHIXQFLRQDOGHVVHVIUDJPHQWRVHFRPRHVWDpDIHWDGDYHULILFDPRVTXH




RVLQGLYtGXRVDGXOWRVDSUHVHQWDUDPEDL[DGLYHUVLGDGHEHWDHVWiKDYHQGRXPDSHUGD
RUGHQDGDGHIXQo}HVPDLVVHQVtYHLVHKiXPDXPHQWRQDDEXQGkQFLDGDVIXQo}HV
PDLV JHQHUDOLVWDV DQLQKDPHQWR -i R HVWUDWR UHJHQHUDQWH DSUHVHQWD PHQRU
GLYHUVLGDGH IXQFLRQDO TXH R HVWUDWR DGXOWR H DOWD DEXQGkQFLD GH LQGLYtGXRV HP
IXQo}HVPDLV WROHUDQWHV $OpP GLVVR D SRUFHQWDJHP GHPDWUL] GH SDVWR WHP XPD
UHODomR SRVLWLYD FRP D DEXQGkQFLD GH LQGLYtGXRV QDV IXQo}HV PDLV JHQHUDOLVWDV
FDStWXOR(PRXWUDVSDODYUDVTXDQGRDQDOLVDPRVDSHQDVDGLYHUVLGDGHHULTXH]D
GHHVSpFLHVRVIUDJPHQWRVDSUHVHQWDPXPERPHVWDGRGHFRQVHUYDomR(QWUHWDQWR
TXDQGRDQDOLVDPRVDGLYHUVLGDGHIXQFLRQDOYHULILFDPRVTXHDSHVDUGHKDYHUPXLWDV
HVSpFLHV DOWDGLYHUVLGDGHGHHVSpFLHVHVVDVGHVHPSHQKDPDVPHVPDV IXQo}HV
PDLV JHQHUDOLVWDV EDL[D GLYHUVLGDGH IXQFLRQDO LQGLFDQGR TXH HP WHUPRV GH
GLYHUVLGDGHIXQFLRQDORHVWDGRGHFRQVHUYDomRGRVIUDJPHQWRVpSUHRXFXSDQWH
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VDPSOHG2XUUHVXOWVLQGLFDWHGWKDWHYHQIUDJPHQWVZLWKLQODQGVFDSHVZLWKORZIRUHVW
FRYHU DQG ZLWKLQ DQWKURSRJHQLFDOO\ PRGLILHG PDWULFHV FDQ VKRZ KLJK VSHFLHV
ULFKQHVV DQG GLYHUVLW\ FKDSWHU  WKDW WKH\ VKRZ KLJK EHWD GLYHUVLW\ DQG WKDW
YDULDWLRQVLQEHWDGLYHUVLW\DUHGXHWRVSHFLHVVXEVWLWXWLRQVWXUQRYHUDQGQRWQHVWLQJ
7KHVH UHVXOWV ZHUH YDOLG IRU ERWK FDQRS\ DQG XQGHUVWRU\ SODQWV VXJJHVWLQJ WKDW
IRUHVWIUDJPHQWVDUHFDSDEOHRIPDLQWDLQLQJKLJKGLYHUVLW\IRUPDQ\\HDUV&KDSWHU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,QWHUPVRIODQGVFDSHHIIHFWVRQWKHDWWULEXWHVRIDGXOWDQGVDSOLQJWUHHFRPPXQLWLHV
ZHIRXQGWKDWDGXOW WUHHVZHUHQRWDIIHFWHGE\ODQGVFDSHFRPSRVLWLRQDQGFRQWUDU\
WRRXUH[SHFWDWLRQVVDSOLQJVZHUHEHQHILWHGE\WKHSDVWXUHPDWUL[7KHVHUHVXOWVFDQ
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&ORVHH[DPLQDWLRQVRIKRZWKHIXQFWLRQDOGLYHUVLW\RIWKHVHIUDJPHQWVYDULHVDQG
KRZ LW LVDIIHFWHGE\ IUDJPHQWDWLRQVKRZHGWKDWDGXOW LQGLYLGXDOVGHPRQVWUDWHG ORZ
EHWDGLYHUVLW\DQGZHUHH[SHULHQFLQJDQRUGHUO\ORVVRIPRUHVHQVLWLYHIXQFWLRQVDQG
LQFUHDVHV LQ PRUH WROHUDQW IXQFWLRQV QHVWLQJ 7KH VDSOLQJ OD\HU VKRZHG ORZHU
IXQFWLRQDOGLYHUVLW\WKDQWKHDGXOWOD\HUDQGKLJKDEXQGDQFHRILQGLYLGXDOVZLWKPRUH
WROHUDQWIXQFWLRQVWKDWZHUHEHQHILWHGE\DKLJKSDVWXUHPDWUL[SHUFHQWDJHFKDSWHU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7KXV ZKHQ ZH DQDO\]HG RQO\ VSHFLHV GLYHUVLW\ DQG ULFKQHVV WKH IUDJPHQWV
DSSHDUHG WREHZHOOFRQVHUYHG KLJW GLYHUVLW\RI VSHFLHV EXWZKHQ WKHLU IXQFWLRQDO
GLYHUVLW\ZDVH[DPLQHGZHVDZWKDWDOWKRXJKWKHUHDUHPDQ\VSHFLHVWKH\GLVSOD\HG
WKHVDPHPRUHWROHUDQWIXQFWLRQVORZIXQFWLRQDOGLYHUVLW\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$V IORUHVWDV WURSLFDLV VmRRVHFRVVLVWHPDV FRPPDLRU ELRGLYHUVLGDGHGD
7HUUD UHXQLQGRGHDGH WRGDVDVHVSpFLHVGHSODQWDVHDQLPDLV 0\HUV
(QWUHWDQWRHVWHVHFRVVLVWHPDVHQFRQWUDPVHDPHDoDGRV$SUR[LPDGDPHQWH
 [  KD GD FREHUWXUD JOREDO GDV IORUHVWDV WURSLFDLV VmR DOWHUDGRV DQXDOPHQWH
SHODIUDJPHQWDomR0D\DX[et al2SURFHVVRGHIUDJPHQWDomRWHPP~OWLSORV
HIHLWRV QHJDWLYRV VREUH HVVHV HFRVVLVWHPDV SRGHQGR DOWHUDU D GLYHUVLGDGH D
FRPSRVLomRHRVSURFHVVRVHFROyJLFRV/DXUHQFH	9DVFRQFHOKRVSRUpPRV
HIHLWRV GD IUDJPHQWDomR QmR VmR KRPRJrQHRV SDUD WRGDV DV HVSpFLHV $
LQWHQVLGDGHGHVVHVHIHLWRVVREUHDVSRSXODo}HVWDQWRGHSODQWDVTXDQWRGHDQLPDLV
GHSHQGHGDELRORJLDGDVHVSpFLHVGDVFDUDFWHUtVWLFDVGRDPELHQWHHGDSDLVDJHP
FRPRSRUH[HPSORDFREHUWXUDIORUHVWDOHRWLSRGHPDWUL]9LDQD	7DEDQH]
(VSpFLHV LQWROHUDQWHV j OXPLQRVLGDGH GLUHWD H YHQWRV IRUWHV TXH
QHFHVVLWDPGHJUDQGHViUHDVGHYLGDTXHSURGX]HPIUXWRVJUDQGHVHVmRGLSHUVDV
SRU JUDQGHV PDPtIHURV VmR QRUPDOPHQWH PDLV VHQVtYHLV DRV HIHLWRV GD
IUDJPHQWDomR TXH DTXHODV PDLV JHQHUDOLVWDV TXH SURGX]HP JUDQGH Q~PHUR GH
IUXWRVSHTXHQRVHGLSHUVDVSHORYHQWR(VVDVHVSpFLHVVmRDVSULPHLUDVDVVHUHP
H[WLQWDV QRV IUDJPHQWRV RX WHP VXD GLVWULEXLomR UHVWULWDDRV LQWHULRUHV GRV
IUDJPHQWRVRQGHDVFRQGLo}HVDPELHQWDLVVmRPDLVVHPHOKDQWHVjVFRQGLo}HVGDV
IORUHVWDV FRQWtQXDV -i DV FDUDFWHUtVWLFDV GR DPELHQWH VmR GHWHUPLQDQWHV SDUD R
HVWDEHOHFLPHQWR GDV HVSpFLHV p VDELGR TXH LQGHSHQGHQWH GD IUDJPHQWDomR
FDUDFWHUtVWLFDV GH VROR XPLGDGH GR DU UHOHYR DOWLWXWH H HVWiJLR GH VXFHVVmR
GHWHUPLQDPDFRPSRVLomRGHHVSpFLHVQRVHFRVVLVWHPDV
(QTXDQWRYiULRVHVWXGRVWHPLQYHVWLJDGRRVHIHLWRVGDIUDJPHQWDomRQDV
FDUDFWHUtVWLFDV DPELHQWDLV H FRQVHTXHQWHPHQWH QD FRPSRVLomR GH HVSpFLHV SRU
H[HPSOR WUDEDOKRV VREUH R HIHLWR GH ERUGD RV HVWXGRV VREUH R HIHLWR GD
FRPSRVLomRGDSDLVDJHPVREUHFRPXQLGDGHV ORFDOL]DGDVHP IUDJPHQWRV IORUHVWDLV
DLQGDVmR UHFHQWHVHFRQWURYHUVRV 'H IRUPDJHUDO IUDJPHQWRVPDLRUHVVmRPDLV
VLPLODUHVjV IORUHVWDV FRQWtQXDVH SRU HVVHPRWLYR WHQGHPD VHUPHQRVDIHWDGRV
SHOD IUDJPHQWDomR /DXUHQFH et al.  $ UHGXomR QD FREHUWXUD IORUHVWDO H
FRQVHTXHQWHSHUGDGHKHWHURJHQHLGDGHGHKDELWDWVHPXPDSDLVDJHPIUDJPHQWDGD
SRGH GLPLQXLU R WDPDQKR GDV SRSXODo}HV 3UXJK et al.  H R Q~PHUR GH




HVSpFLHVHQFRQWUDGDVQDTXHOHDPELHQWH*DVWRQ	%ODFNEXUQ-iRHIHLWRGD
PDWUL] GHSHQGH SULQFLSDOPHQWH GD HVWUXWXUD H GR XVR GD WHUUD DR UHGRU GRV
IUDJPHQWRV )DKULJ  'HFRQFKDW et al.  0DWUL]HV PDLV DEHUWDV FRP
YHJHWDomR UDVWHLUD PXLWR GLIHUHQWH HVWUXWXUDOPHQWH GRV IUDJPHQWRV FRPR DV
PDWUL]HV GH SDVWR WHQGHP D WHU HIHLWRV QHJDWLYRV VREUH RV IUDJPHQWRV IORUHVWDLV
,VVR DFRQWHFH SRUTXH HVVDV PDWUL]HV SRGHP DPSOLDU R HIHLWR GH ERUGD GHYLGR j
GLIHUHQoDPLFURFOLPiWLFDHQWUHIUDJPHQWRHPDWUL]0HVTXLWDet al.HLPSHGLUD
PRYLPHQWDomR GRV DQLPDLV HQWUH IUDJPHQWRV XPD YH] TXHHVVDV PDWUL]HV QmR
RIHUHFHP DEULJR H UHFXUVRV SDUD RV DQLPDLV 0HVTXLWD et al.  +HUQDQGH]
5XHGDV et al.  -i DV PDWUL]HV PDLV VHPHOKDQWHV DRV IUDJPHQWRV RX VHMD
PDWUL]HV DUEXVWLYDV RX DUEyUHDV FRPR DV PDWUL]HV GH FDIp WHQGHP D WHU HIHLWRV
SRVLWLYRV VREUHDV FRPXQLGDGHVQHODV LQVHULGDV(VVDVPDWUL]HVSRGHPDJLU FRPR
XPD]RQDWDPSmRDPHQL]DQGRRHIHLWRGHERUGDH IXQFLRQDUFRPRXPDH[WHQVmR
GRIUDJPHQWRIRUQHFHQGRDEULJRHUHFXUVRVSDUDRVDQLPDLV+HUQDQGH]5XHGDVet 
al.$OpPGHVVHVHIHLWRVHVWXGRVUHYHODPTXHRWLSRGHPDQHMRGHVHQYROYLGR
QDVPDWUL]HVSRGHDIHWDURVIUDJPHQWRV.DUSet al./LQGERUJet al.'H
IRUPDJHUDOFXOWLYRVPXLWRPHFDQL]DGRVHPTXHVmRXWLOL]DGDVJUDQGHVTXDQWLGDGHV
GHDJURWy[LFRVWrPXPHIHLWRQHJDWLYRPDLRUVREUHRVIUDJPHQWRVTXHFXOWLYRVPHQRV
PDQHMDGRV.DUSet al./LQGERUJet al.
3DUD DV FRPXQLGDGHV GH SODQWDV R SURFHVVR GH IUDJPHQWDomR H
FRQVHTXHQWHPHQWH DV PXGDQoDV QD SDLVDJHP SRGHP JHUDU GRLV GLIHUHQWHV
FHQiULRVKRPRJHQHL]DomRGHHVSpFLHVSRUDQLQKDPHQWRRXGLIHUHQFLDomR IORUtVWLFD
DWUDYpV GR ³WXUQRYHU´ WURFD GH HVSpFLHV %DVHOJD  $UUR\R5RGUtJXH] et al.
 +HUQiQGH]5XHGDV et al.  +RPRJHQHL]DomR GH HVSpFLHV SRU
DQLQKDPHQWR p TXDQGR RV IUDJPHQWRV SRVVXHP HVSpFLHV PXLWR VHPHOKDQWHV
KRPRJHLQL]DomR GH HVSpFLHV H D FRPSRVLomR GH HVSpFLHV HP XP IUDJPHQWR
PHQRVGLYHUVRpXPVXEFRQMXQWRGDFRPSRVLomRGHHVSpFLHVQRVIUDJPHQWRVPDLV
GLYHUVRV DQLQDKPHQWR $ KLSyWHVH GD KRPRJHQHL]DomR SUHYr TXH IUDJPHQWRV
LQVHULGRVHPXPDPHVPDSDLVDJHPFRPSUHVV}HVDELyWLFDVHELyWLFDVVHPHOKDQWHV
FRQGLo}HV DPELHQWDLV WLSR PDWUL] WHUmR GLQkPLFDV H WUDMHWyULDV VLPLODUHV QD
PXGDQoDGDFRPSRVLomRGHHVSpFLHV/DXUDQFHet al.$VHVSpFLHVVHQVtYHLV
VHUmR H[WLQWDV ORFDOPHQWH H TXDQWRPDLRU DV SUHVV}HV VREUH RV IUDJPHQWRVPDLV
HVSpFLHV GHVDSDUHFHUmR GH IRUPD RUGHQDGD/DXUDQFH et al 




&RQVHTXHQWHPHQWHDR ORQJRGR WHPSRRV IUDJPHQWRVVH WRUQDUmRKRPRJrQHRVH
DQLQKDGRV
3RU RXWUR ODGR D GLIHUHQFLDomR IORUtVWLFD DWUDYpV GR WXUQRYHU p RFRUUH
TXDQGR RV IUDJPHQWRV SRVVXHP FRPSRVLomR GH HVSpFLHV GLVWLQWD GLIHUHQFLDomR
IORUtVWLFDHPFRQVHTXrFLDGDWURFDGHHVSpFLHVWXUQRYHU(VVHSURFHVVRRFRUUHHP
IUDJPHQWRV TXH VRIUHP GLIHUHQWHV SUHVV}HV DPELHQWDLV HRX HVWmR ORFDOL]DGRV HP
XPDSDLVDJHPKHWHURJrQHD/DXUDQFHet al.1HVWHFHQiULRDGLIHUHQoDLQLFLDO
QD FRPSRVLomR IORUtVWLFD GRV IUDJPHQWRV VHUi DPSOLILFDGD DR ORQJR GR WHPSR
/DXUHQFH et al.  $ KHWHURJHQHLGDGH RULJLQDO FRPELQDGD FRP D
KHWHURJHQHLGDGH GD SDLVDJHP H RV GLIHUHQWHV WLSRV GH SHUWXUEDo}HV LUmR JHUDU
FRPXQLGDGHVFRPGLIHUHQWHVFRPSRVLo}HVIORUtVWLFDV%DVHOJD
8P HVWXGR UHFHQWH PRVWURX KRPRJHLQL]DomR GD IORUD HP IUDJPHQWRV
ORFDOL]DGRVHPSDLVDJHQVPRGLILFDGDV$UUR\R5RGULJXH]et al.FRORFDQGRHP
G~YLGD D PDQXWHQomR GD GLYHUVLGDGH HP SDLVDJHQV IUDJPHQWDGDV DR ORQJR GR
WHPSR H R FXVWR EHQItFLR GH VH SUHVHUYDU HVVHV IUDJPHQWRV (QWUHWDQWR RXWURV
HVWXGRV 6DQWRV et al.  +HUQiQGH]5XHGDV et al.  PRVWUDP TXH D
KRPRJHQHL]DomRIORUtVWLFDQHPVHPSUHpSUHGRPLQDQWHHTXHSHTXHQRVIUDJPHQWRV
LQVHULGRV HP SDLVDJHQV KXPDQDV PRGLILFDGDV SRGHP PDQWHU D ELRGLYHUVLGDGH
'LDQWH GHVVH FRQWH[WR FRQKHFHU D HFRORJLD GDV  ORFDOL]DGDV HP IUDJPHQWRV
IORUHVWDLVHDLQIOXrQFLDGDSDLVDJHPQHVVDVFRPXQLGDGHVpGHH[WUHPDLPSRUWkQFLD
WDQWR SDUD XP HQWHQGLPHQWR WHyULFR GRV SURFHVVRV GH KRPRJHQHL]DomR H
GLIHUHQFLDomR IORUtVWLFD TXDQWR SDUD HVWDEHOHFHU Do}HV SDUD FRQVHUYDomR GD
ELRGLYHUVLGDGH
8PDPDQHLUDDGHTXDGDGHEXVFDU UHVSRVWDV LQLFLDLVGHRUJDQL]DomRHP
FRPXQLGDGHV LQVHULGDV HP DPELHQWHV IUDJPHQWDGRV p SRU PHLR GH HVWXGRV
ILWRVVRFLROyJLFRV (VWXGRV GH IORUtVWLFD H ILWRVVRFLRORJLD EXVFDP FRQKHFHU DV
HVSpFLHV SUHVHQWHV HP GDGD iUHD H D HVWUXWXUD GHVWD YHJHWDomR RX VHMD HVVHV
HVWXGRVTXDQWLILFDPDULTXH]DRQ~PHURGHLQGLYtGXRVSRUHVSpFLHVXDVUHVSHFWLYDV
FODVVHVGH WDPDQKRH R DUUDQMR HVSDFLDO GRVPHVPRV (P IORUHVWDV WURSLFDLV HVWH
WLSRGHLQIRUPDomRDVVLPFRPRGDGRVVREUHDULTXH]DHGLYHUVLGDGHUHIOHWHQmRVy
IDWRUHV VXFHVVLRQDLV HYROXWLYRV H ELRJHRJUiILFRV FRPR WDPEpP R KLVWyULFR GH
SHUWXUEDomRGDVUHVSHFWLYDViUHDV-RO\et al.2FRQKHFLPHQWRJHUDGRSHORV
HVWXGRV IORUtVWLFRV HP FRPXQLGDGHV DUEyUHDV IUDJPHQWDGDV p FRQVLGHUDGR




IXQGDPHQWDOHSUpYLRSDUDHPEDVDUTXDOTXHURXWURHVWXGREHPFRPRPHGLGDVGH
PDQHMRUHFXSHUDomRHFRQVHUYDomRGDVIORUHVWDVWURSLFDLV5LEDVet al.
8PD YH] FRPSUHHQGLGRV RV SDGU}HV LQLFLDLV GH RUJDQL]DomR GDV
FRPXQLGDGHV IUDJPHQWDGDV p QHFHVViULR FRPSUHHQGHU FRPR RV SDGU}HV GH
GLYHUVLGDGHYDULDPDWUDYpVGHGLIHUHQWHVHVFDODVHVSDFLDLV6XPPHUYLOOHet al. 
8PDPDQHLUDGHDERUGDUHVWHSUREOHPDpDWUDYpVGDSDUWLomRDGLWLYDGHGLYHUVLGDGH
/DQGH  HP TXH D GLYHUVLGDGH WRWDO JDPD p GLYLGLGD HQWUH D GLYHUVLGDGH
GHQWURDOIDHHQWUHEHWDDPRVWUDV$PDQHLUDFRPRDGLYHUVLGDGHGHHVSpFLHVVH
GLVWULEXL HPGLIHUHQWHV HVFDODV SRGH WHU XPDJUDQGH UHOHYkQFLD SDUD WHVWDU WHRULDV
HFROyJLFDVHHQWHQGHURV IHQ{PHQRVGHKRPRJHQHL]DomRHGLIHUHQFLDomR IORUtVWLFD
/DXUDQFHet al.%DVHOJD'HIRUPDJHUDOIUDJPHQWRVKRPRJHQHL]DGRV
DSUHVHQWDP EDL[D GLYHUVLGDGH EHWD HQTXDQWR QD GLIHUHQFLDomR IORUtVWLFD D
GLYHUVLGDGHEHWDpDOWD/DXUDQFHet al.$UUR\R5RGUtJXH]et al. 
$OpP GLVVR D SDUWLomR DGLWLYD GD GLYHUVLGDGH SHUPLWH TXH VH DPSOLH R
FRQKHFLPHQWR GLQkPLFD GH WURFD GH HVSpFLHV HP DPELHQWHV IUDJPHQWDGRV
IRUQHFHQGREDVHVFRQVLVWHQWHVSDUDDFULDomRGHXQLGDGHVGHFRQVHUYDomR(PXP
FHQiULRGHKRPRJHQHL]DomRDPHOKRUHVWUDWpJLDSDUDDFRQVHUYDomRpSUHVHUYDURV
UHPDQHVFHQWHV PDLV GLYHUVRV XPD YH] TXH RV IUDJPHQWRV PHQRV GLYHUVRV VmR
DSHQDV VXEFRLQMXQWRV :ULJKW H 5HHYHV  /DXUHQFH et al.  -i HP XP
FHQiULR GH GLIHUHQFLDomR IORUtVWLFD D FRQVHUYDomR GD ELRGLYHUVLGDGH GHSHQGH GD
SURWHomR GRPDLRU Q~PHUR SRVVtYHO GH IUDJPHQWRV XPD YH] TXH FDGD IUDJPHQWR
SRVVXLXPDFRPSRVLomR~QLFDGHHVSpFLHVHVmRSRUWDQWRFRPSOHPHQWDUHV:ULJKW
	5HHYHV/DXUDQFHet al.
3DUD HYLWDU SHUGD GH LQIRUPDomR HP HVWXGRV VREUH DV FRPXQLGDGHV
IUDJPHQWDGDVGRLVDVSHFWRVSRXFRDERUGDGRVSUHFLVDPVHUFRQVLGHUDGRVRHVWXGR
GRHVWUDWRUHJHQHUDQWHHGDGLYHUVLGDGHIXQFLRQDO2FRPSRQHQWHIORUHVWDODGXOWRp
IUHTXHQWHPHQWH R PDLV HQIDWL]DGR HP HVWXGRV HFROyJLFRV SRUTXH p RQGH VH
FRQFHQWUDDPDLRUSDUWHGDELRPDVVDIORUHVWDOHDGHPDLRULPSRUWkQFLDHFRQ{PLFD
0HLUD1HWR	0DUWLQV(QWUHWDQWRiUYRUHVGHIORUHVWDVWURSLFDLVWrPXPORQJR
WHPSR GH YLGD 0DUWLQH]5DPRV 	 $OYDUH]%X\OOD  H RV LQGLYtGXRV DGXOWRV
SUHVHQWHV QXP IUDJPHQWR SRGHP VHU UHSUHVHQWDWLYRV GH XP WHPSR HP TXH DV
FRQGLo}HV DPELHQWDLV HUDP RXWUDV FRPR SRU H[HPSOR TXDQGR R DPELHQWH DLQGD
QmR KDYLD VLGR IUDJPHQWDGR 'HVVD IRUPD HIHLWRV GH DOWHUDo}HV DPELHQWDLV HP




iUYRUHV HP DPELHQWHV IUDJPHQWDGRV SRGHP VHU PDLV EHP H[SUHVVRV SHODV
SRSXODo}HVGRHVWUDWRUHJHQHUDQWH+LOO	&XUDQ$UHJHQHUDomRQDWXUDOpXP
LPSRUWDQWHSURFHVVRQDHYROXomRGDV IORUHVWDV WURSLFDLV 1DUYDHVet al. HVWH
HVWUDWRUHSUHVHQWDLQGLYtGXRVPXLWDVYH]HVPDLVYXOQHUiYHLVDLPSDFWRVDQWUySLFRV
(VWXGRV VREUH R HVWUDWR UHJHQHUDQWH WDPEpP SHUPLWHP LQIHULU VREUH R HVWDGR GH
FRQVHUYDomRGRV IUDJPHQWRVEHPFRPRD UHVSRVWDGR IUDJPHQWRjVSHUWXUEDo}HV
QDWXUDLVRXDQWURSRJrQLFDV 6LOYDet al.  XPDYH]TXHHPPXLWRV FDVRVRV
LQGLYtGXRV MRYHQV VH HVWDEHOHFHUDP QHVVHV DPELHQWHV VRE RV HIHLWRV GD
IUDJPHQWDomR $ UHJHQHUDomR QDWXUDO DLQGD FRQVWLWXL XP LQGLFDGRU GH VXPD
LPSRUWkQFLD QD DYDOLDomR HPRQLWRUDPHQWR GH iUHDV HP SURFHVVR GH UHFXSHUDomR
5RGULJXHVet al
-i D GLYHUVLGDGH IXQFLRQDO WHP XP PDLRU VLJQLILFDGR ELROyJLFR TXH DV
PHGLGDV WUDGLFLRQDLV GH GLYHUVLGDGH SRLV p XP FRQFHLWR TXH OLJD LQGLYtGXRV DR
DPELHQWHHPTXHHVWmRLQVHULGRV3HWFKH\	*DVWRQ8PDIRUPDGHDFHVVDUD
GLYHUVLGDGH IXQFLRQDO p FODVVLILFDQGR DV HVSpFLHV SUHVHQWHV QDV FRPXQLGDGHV HP
JUXSRVIXQFLRQDLVUHODFLRQDGRVjVREUHYLYrQFLDFUHVFLPHQWRHUHSURGXomR6REUDO	
&LDQFLDUXVR(VVDVLQIRUPDo}HVVmR~WHLVSDUD LQIHULUVREUHRVSURFHVVRVGH
RUJDQL]DomR GDV FRPXQLGDGHV XPD YH] TXH FDUDFWHUtVWLFDV IXQFLRQDLV IRUQHFHP
LQIRUPDo}HVVREUHRXVRGHUHFXUVRVHUHTXHULPHQWRVGHKDELWDW1DVRQet al.
$OpP GH VHU XPD DERUGDJHP TXH QRV SHUPLWH FRPSUHHQGHU RVSURFHVVRV
UHVSRQViYHLV SHOD FRPSRVLomR H HVWUXWXUD GDV FRPXQLGDGHV*RPH]  D
GLYHUVLGDGHIXQFLRQDOWDPEpPSRGHVHUXVDGDSDUDID]HUSUHYLV}HVHFROyJLFDVDOpP
GDHVFDODGHUHJL}HV2HVWXGRGDVUHVSRVWDVYHJHWDLVjVPXGDQoDVDPELHQWDLVHP
XPDHVFDODJOREDOQmRSRGHVHEDVHDUHPHVSpFLHVXPDYH]TXHDPDLRULDGHODV
DSUHVHQWDGLVWULEXLomRJHRJUiILFDOLPLWDGD3DUDHVWHILPRXVRGHJUXSRVIXQFLRQDLV
pPHOKRUXPDYH]TXHDJUHJDXPJUXSRGHSODQWDVTXHDIHWDPGHPRGRVLPLODUR
DPELHQWHRXTXHDSUHVHQWDPXPDUHVSRVWDVLPLODUjVPHVPDVYDULDo}HVDPELHQWDLV
HPTXDOTXHUHVFDOD3LOODU
(QWUHWDQWRDSHVDUGHPXLWDVYDQWDJHQVRXVRGDGLYHUVLGDGH IXQFLRQDO
DVVLP FRPR R XVR GDV PHGLGDV WUDGLFLRQDLV GH GLYHUVLGDGH SRVVXL OLPLWDo}HV
(VSpFLHVGHXPPHVPRJUXSRQmRVmRFRPSOHWDPHQWHUHGXQGDQWHVHHVSpFLHVGH
JUXSRVGLIHUHQWHVQmRVmRFRPSOHWDPHQWHGLIHUHQWHVRTXHGHWHUPLQDDGLIHUHQoDp
D FDUDFWHUtVWLFDIXQomR HVWXGDGD 1mR KDYHQGR UHGXQGkQFLD DEVROXWD HQWUH




HVSpFLHV RV DJUXSDPHQWRV QmR SHUPLWHP SUHYHU R LPSDFWR UHDO GD SHUGD RX
DFUpVFLPR GH HVSpFLH QR IXQFLRQDPHQWR GD FRPXQLGDGH SRLV FDUDFWHUHV QmR
LQFOXtGRV QD FRQVWUXomR GRV JUXSRV SURGX]HP HIHLWRV TXH YmR SDUD DOpP GRV
SUHYLVWRV FULDQGRFRQVHTXrQFLDV FRPXQLWiULDV LQHVSHUDGDV 'HVVD IRUPD SDUD XP
UHVXOWDGR PDLV SUy[LPR GD UHDOLGDGH R LGHDO VmR HVWXGRV FRP GLIHUHQWHV
DERUGDJHQV
'LDQWH GHVWH FRQWH[WR R REMHWLYR SULQFLSDO GHVWH HVWXGR p WHQWDU
FRPSUHHQGHU FRPRD FRPSRVLomR GH XPDSDLVDJHP IUDJPHQWDGD WHPDOWHUDGR DV
FRPXQLGDGHV DUEyUHDV GHQWUR GHTXDWUR DERUGDJHQV GHVFULomR ILWRVVRFLROyJLFD GD
FRPXQLGDGH SDUWLomR DGLWLYD GD GLYHUVLGDGHFRPXQLGDGHV UHJHQHUDQWHV H
GLYHUVLGDGH IXQFLRQDO %XVFDPRV WDPEpP HQWHQGHU FRPR VmR RUJDQL]DGDV
FRPXQLGDGHV DUEyUHDV HP SDLVDJHQV IUDJPHQWDGDV DVVLP FRPR WHQWDU LQIHULU RV
SURFHVVRVUHVSRQViYHLVSRUHVVDRUJDQL]DomR)ORUHVWDVWURSLFDLVVmRHFRVVLVWHPDV
FRPSOH[RVH DPHDoDGRV 0\HUV  H HVWXGRV FRPGLIHUHQWHV DERUGDJHQV VmR
QHFHVViULRVSDUDRHQWHQGLPHQWRGRVPHFDQLVPRVHSURFHVVRVHFROyJLFRVDWXDQWHV
QHVVHV VLVWHPDV FRQWULEXLQGR SDUD R SODQHMDPHQWR GR XVR GD WHUUD H SDUD XPD
SROtWLFDGDFRQVHUYDomRGDQDWXUH]D*RPHVet  al.
$ WHVH IRL GLYLGLGD HP TXDWUR FDStWXORV 1R &DStWXOR  LQWLWXODGR ³$
LPSRUWkQFLD HFROyJLFD SDUD FRQVHUYDomR GD ELRGLYHUVLGDGH WURSLFDO GH IUDJPHQWRV
IORUHVWDLVLQVHULGRVHPSDLVDJHQVKXPDQDPRGLILFDGDV´RQRVVRREMHWLYRIRLYHULILFDU
R YDORU HFROyJLFR GH SHTXHQRV IUDJPHQWRV GH IORUHVWD SDUD D FRQVHUYDomR GD
ELRGLYHUVLGDGH FRQVLGHUDQGR D ULTXH]D H GLYHUVLGDGH GH HVSpFLHV DVVLP FRPR D
HVWUXWXUDGDYHJHWDomRiUHDEDVDODOWXUDHGLkPHWURGRVLQGLYtGXRV1RVVDKLSyWHVH
HUD TXH GDGD DV FDUDFWHUtVWLFDV GRV IUDJPHQWRV HVWXGDGRV SHTXHQRV > KD@
LVRODGRV >GLVWkQFLD PpGLD GH  NP HQWUH IUDJPHQWRV@ H LQVHULGRV HP SDLVDJHQV
PXLWR PDQHMDGDV QyV HQFRQWUDUtDPRV ULTXH]D H GLYHUVLGDGH GH HVSpFLHV EDL[D H
EDL[R Q~PHUR GH HVSpFLHV H[FOXVLYDV H UDUDV 'D PHVPD IRUPD D HVWUXWXUD GD
YHJHWDomRDSUHVHQWDULDFDUDFWHUtVWLFDVGHSHUWXUEDomRUHFHQWHWDLVFRPRiUHDEDVDO
EDL[D H DOWD GHQVLGDGHGH LQGLYtGXRV FXUWRV H ILQRV (QWUH DV FRQWULEXLo}HV GHVVH
HVWXGR SRGHPRV GHVWDFDU L LQIRUPDo}HV VREUH D IORUD UHJLRQDO LL DXPHQWR GR
FRQKHFLPHQWR VREUH D GLVWULEXLomR JHRJUiILFD H DEXQGkQFLD GDV HVSpFLHV H LLL
LPSRUWkQFLDGDDPRVWUDJHPGRVXEERVTXH




1R &DStWXOR  LQWLWXODGR ³6XEVWLWXLomR GH HVSpFLHV PDQWpP DOWD
GLYHUVLGDGH HP DVVHPEOHLDV GH iUYRUHV HP XPD SDLVDJHP WURSLFDO IUDJPHQWDGD´
QRVVRREMHWLYRIRLDQDOLVDUDSDUWLomRDGLWLYDGHGLYHUVLGDGHGRVLQGLYtGXRVGHGRVVHO
H VXEERVTXH H GHFRPSRU D GLYHUVLGDGH EHWD HP VHXV FRPSRQHQWHV GH
³QHVWHGQHVV´ DQLQKDPHQWRH ³WXUQRYHU´ VXEVWLWXLomRGHHVSpFLHVSDUD UHVSRQGHU
DVVHJXLQWHVTXHVW}HVLRSDGUmRGHSDUWLomRDGLWLYDGDGLYHUVLGDGHGRVLQGLYtGXRV
GHGRVVHOpVHPHOKDQWHDRSDGUmRGRVLQGLYtGXRVGHVXEERVTXH"LLDGLYHUVLGDGH
EHWDGRVLQGLYtGXRVGHGRVVHOHVXEERTXHpGHYLGRDR³QHVWHGQHVV´RX³WXUQRYHU´"
H LLLDGLYHUVLGDGHEHWDpH[SOLFDGDSRUDOJXPDFDUDFWHUtVWLFDGDSDLVDJHP"1yV
DFUHGLWDPRV TXH RV UHVXOWDGRV GHVWH HVWXGR SRVVDP FRQWULEXLU SDUDPHOKRUDU R
HQWHQGLPHQWR VREUH L R SURFHVVR GH KRPRJHQHL]DomR IORUHVWDO HP IUDJPHQWRV
IORUHVWDLV WURSLFDLV H LLRV SURFHVVRV UHVSRQViYHLV SHOD YDULDomR GD EHWD
GLYHUVLGDGH
1R&DStWXOR LQWLWXODGR³(PXPDSDLVDJHPIUDJPHQWDGDDSUHVHQoDGH
SDVWR PRGLILFD RV DWULEXWRV GD FRPXQLGDGH GH iUYRUHV UHJHQHUDQWHV VHP FDXVDU
KRPRJHQHL]DomRGHHVSpFLHV´QRVVRREMHWLYRIRLLQYHVWLJDUFRPRDFRQILJXUDomRGD
SDLVDJHP FREHUWXUD IORUHVWDO H WLSRV GH PDWUL]HVWi UHODFLRQDGD DRV DWULEXWRV
ULTXH]D DEXQGkQFLD H GLYHUVLGDGH GDV FRPXQLGDGHV UHJHQHUDQWHV H DGXOWDV
1RVVD KLSyWHVH p TXH PDWUL]HV HVWUXWXUDOPHQWH GLIHUHQWHV GRV IUDJPHQWRV FRPR
SDVWDJHP H FDQDGHDo~FDU WHQKDP XPD UHODomR QHJDWD FRP RV DWULEXWRV GDV
FRPXQLGDGHVHQTXDQWRTXHDVPDWUL]HVHVWUXWXUDOPHQWHVHPHOKDQWHVDRIUDJPHQWR
FRPR D PDWUL] GH FDIp DIHWHP WHQKDP XPD UHODomR SRVLWLYD FRP RV DWULEXWRV $
SULQFLSDO FRQWULEXLomRGHVWH WUDEDOKRp WHQWDU FRPSUHHQGHU FRPRD FRPSRVLomRGD
SDLVDJHP VH UHODFLRQDFRPRV DWULEXWRV GDV FRPXQLGDGHV DGXOWDV H UHJHQHUDQWHV
ORFDOL]DGDVHPIUDJPHQWRVIORUHVWDLV
1R&DSLWXORLQWLWXODGR³3HUGDDQLQKDGDGHGLYHUVLGDGHIXQFLRQDOGHYLGR
DSDVWDJHPHPXPDSDLVDJHPDOWDPHQWHIUDJPHQWDGD´QRVVRREMHWLYRIRLDQDOLVDUH
FRPSDUDUDGLYHUVLGDGH IXQFLRQDO GRHVWUDWRDGXOWR H UHJHQHUDQWHH YHULILFDU FRPR
HVVHDWULEXWRHVWiUHODFLRQDGRjFRQILJXUDomRGDSDLVDJHP1RVVDH[SHFWDWLYDpTXH
RVHVWUDWRVVHMDPGLIHUHQWHVHPWHUPRVGHFRPSRVLomRIXQFLRQDO$FUHGLWDPRVDLQGD
TXHDIUDJPHQWDomRLUiDIHWDUQHJDWLYDPHQWHDVIXQo}HVPDLVHVSHFtILFDVGLVSHUVmR
SRU JUDQGHV PDPtIHURV JUDQGHV IUXWRV VLVWHPDV VH[XDLV DXWRLQFRPSDWtYHLV H




IDYRUHFHU R HVWDEHOHFLPHQWR GH IXQo}HV PDLV JHQHUDOLVWDV SHTXHQRV IUXWRV
SROLQL]DomRSRULQVHWRVJHQHUDOLVWDViUYRUHVSLRQHLUDVQDFRPXQLGDGHUHJHQHUDQWH

ÈUHDGHHVWXGR
2HVWXGRIRLUHDOL]DGRHPQRYHIUDJPHQWRVIORUHVWDLVORFDOL]DGRVQRVXOGH
0LQDV*HUDLVDR UHGRUGDFLGDGHGH$OIHQDV ¶¶¶6H¶¶¶: )LJ






















)LJXUD/RFDOL]DomRGRVQRYHVIUDJPHQWRVHVWXGDGRV)RQWH5DQLHUR

0LQDV*HUDLV p R HVWDGR FRPPDLRU iUHDGD UHJLmR6XGHVWH H R TXDUWR
PDLRUGR%UDVLO(VWHHVWDGRDEULJDXPDJUDQGHYDULHGDGHGHELRPDVFRPR&DPSRV
5XSHVWUHV&HUUDGRH0DWD$WOkQWLFDHDSHVDUGDJUDQGHGLYHUVLGDGHVRPHQWH
GRVHXWHUULWyULRpOHJDOPHQWHSURWHJLGRVHQGRTXHDSHQDVHVWiVRESURWHomR
LQWHJUDO$OIHQDV p XP GRV  PXQLFtSLRV TXH FRPS}H R FLUFXLWR GRV /DJRV GD
5HSUHVD GH )XUQDV D FLGDGH p FRQVLGHUDGD XP Q~FOHR XUEDQR GH EDVWDQWH
LPSRUWkQFLDQDUHJLmRVXOPLQHLUDH WUDGLFLRQDOPHQWHXPJUDQGHFHQWURSURGXWRUGH
FDIp $ DJULFXOWXUD H D SHFXiULD FRQWULEXHP FRPGR SURGXWR LQWHUQR EUXWR GR
PXQLFtSLR,%*(




$ IUDJPHQWDomR QD UHJLmR FRPHoRX QR ILQDO GR VpFXOR  H LQtFLR GR
VpFXOR  FRP D H[SDQVmR GDV ODYRXUDV GH FDIp &DVWLOKR  $WXDOPHQWH D
UHJLmR SRVVXL DSUR[LPDGDPHQWH  GH IORUHVWD QDWLYD ORFDOL]DGD HP IUDJPHQWRV
IORUHVWDLV SHTXHQRV  GRV IUDJPHQWRV VmR PHQRUHV TXH  KD H LVRODGRV
)XQGDomR 626 0DWD $WOkQWLFD (VVHV IUDJPHQWRV SRVVXHP GLIHUHQWHV JUDXV GH
SHUWXUEDomR H HVWmR ORFDOL]DGRV HPSDLVDJHQV FRPGLIHUHQWHV FRQWH[WRV2XVR GR
VROR DVVLP FRPRD SRUFHQWDJHPGH IORUHVWD QDWLYD YDULRX SRXFR QRV ~OWLPRV DQRV
$SRUFHQWDJHPGHIORUHVWDQDWLYDYDLRXHQWUHDDSRUFHQWDJHP
GH PDWUL] GH FDQD YDULRX GH  D   GH FDIp YDULRX GH  D  H D
SRUFHQWDJHPGHSDVWRYDULRXGHD2OLYHWWL
$VHOHomRGRVIUDJPHQWRVIRLUHDOL]DGDDWUDYpVGHXPDFODVVLILFDomRGDV
iUHDVIORUHVWDLVUHPDQHVFHQWHVQRPXQLFtSLRGH$OIHQDVXWLOL]DQGRRSURFHVVDPHQWR
GLJLWDO GH LPDJHQV GH VDWpOLWH 6LQR%UDVLOHLUR &%(56% GR DQR GH  FRP
UHVROXomR GH  PHWURV 2V DWULEXWRV FRQVLGHUDGRV SDUD D VHOHomR IRUDP D
VLPLODULGDGHQRQtYHOGHGHJUDGDomRGRVUHPDQHVFHQWHVDVSHFWRVVHPHOKDQWHVGH
WH[WXUDIRUPDFRUEWDPDQKRGRIUDJPHQWRHQWUHKDHKDHFGLVWkQFLD
VXSHULRUDTXLORPHWURVHQWUHRVIUDJPHQWRVSDUDJDUDQWLULQGHSHQGrQFLDGRVGDGRV
REWLGRV
2V IUDJPHQWRV VHOHFLRQDGRV VmR UHPDQHVFHQWHV GH 0DWD $WOkQWLFD
6HPLGHFtGXD 2OLYHLUD HW DO  $V IDPtOLDV H HVSpFLHV PDLV DEXQGDQWHV VmR
UHVSHFWLYDPHQWH)DEDFHDH0\UWDFHDH/DXUDFHDH0HOLDFHDHH(XSKRUELDFHDHH
Copaifera langsdorffii Ocotea odorifera Cryptocarya aschersoniana Metrodorea 
stipularisHMiconia willdenowii2V IUDJPHQWRVID]HPSDUWHGD%DFLD+LGURJUiILFDGR
5LR*UDQGHFXMRDIOXHQWHGLUHWRpR5HVHUYDWyULRGD8VLQD+LGUHOpWULFDGH)XUQDV$
UHJLmRHVWiVLWXDGDQRVOLPLWHVPHULGLRQDLVGD]RQDLQWHUWURSLFDOHGHYLGRjHOHYDGD
DOWLWXGH GD UHJLmR TXH YDULD GH  WR  P R FOLPD p GR WLSR WURSLFDO
PHVRWpUPLFR$OYDUHVHWDO$WHPSHUDWXUDDQXDOPpGLDpGH&RYHUmRH
DSULPDYHUDVmRDVHVWDo}HVPDLVTXHQWHVFRPPi[LPDVGLiULDVYDULDQGRGHD
& 1R LQYHUQR D WHPSHUDWXUD SRGH FKHJDU D & UHVXOWDQGR HP JHDGDV (P
UHODomR DR UHJLPH GH FKXYDV R FOLPD p ~PLGR FRP SUHFLSLWDomRPpGLD DQXDO GH
DSUR[LPDGDPHQWHPP
7RGRV RV IUDJPHQWRV HVWXGDGRV VmR SHTXHQRV PHQRUHV TXH  KD
HVWmR ORFDOL]DGRV HP SURSULHGDGHV SULYDGDV GH SHTXHQR D PpGLR SRUWH HVWmR




LQVHULGRV HP PDWUL]HV DQWUySLFDV H DSDUHQWHPHQWH QmR SRVVXHP XVR H[FHWR R
IUDJPHQWRTXHSRVVXLWULOKDVSDUDFDPLQKDGDV7DEHOD

7DEHODÈUHDGRVIUDJPHQWRVHSRUFHQWDJHPGHGLIHUHQWHVPDWUL]HVDRUHGRUGRV
IUDJPHQWRV
)UDJ
PHQWR
ÈUHD
KD
GHFREHUWXUD
IORUHVWDO
GHFDIp GHFDQD GHSDVWR
     
     
     
     
     
     
     
     
     
     
)RQWH'DGRVWUDEDOKDGRVSHORDXWRU

2V IUDJPHQWRV WDPEpP QmR DSUHVHQWDP VLQDLV DSDUHQWHV GH FRUWH
VHOHWLYRTXHLPDGDVRXFDoD REVHUYDomRSHVVRDO$SURGXomRGHFDIpHFDQDGH
Do~FDU DR UHGRU GRV IUDJPHQWRV p YROWDGD SDUD R FRPpUFLRG HVVD IRUPD HVVDV
FXOWXUDVVmRPXLWRPDQHMDGDV ,VWRpVmRFXOWXUDVPHFDQL]DGDVRQGHVmRXVDGRV
DJURWy[LFRVHIRJRSHULRGLFDPHQWHREVHUYDomRSHVVRDO-iDVSDVWDJHQVVmRSDUD
FRQVXPR SUySULR RX SHTXHQR FRPpUFLR (VVDV PDWUL]HV SRVVXHP PXLWDV
iUYRUHV*RQoDOYHVSRXFRVDQLPDLVHEDL[RPDQHMRQmRKiXVRGHPiTXLQDV
DJURWy[LFRVHIRJRREVHUYDomRSHVVRDO

 




5HIHUrQFLDV
$OYDUHV && 6WDSH -/ 6HQWHOKDV 36 *ROoDORQoDOYHV -/0 6SDURYHN * 
.|SSHQ¶V FOLPDWH FODVVLILFDWLRQPDS IRU %UD]LO 0HWHRURORJLVFKH =HLWVFKULIW ±

$UUR\R5RGUtJXH] 9 5|V 0 (VFREDU ) 0HOR )3/ 6DQWRV %$7DEDUHOOL 0
&KD]GRQ 5  3ODQW ȕGLYHUVLW\ LQ IUDJPHQWHG UDLQIRUHVWV 7HVWLQJ IORULVWLF
KRPRJHQL]DWLRQDQGGLIIHUHQWLDWLRQK\SRWKHVHV-RXUQDORI(FRORJ\±
%DVHOJD $  3DUWLWLRQLQJ WKH WXUQRYHU DQG QHVWHGQHVV FRPSRQHQWV RI EHWD
GLYHUVLW\*OREDO(FRORJ\DQG%LRJHRJUDSK\
&DVWLOKR))$ (FRQRPLD6XO0LQHLUD R DEDVWHFLPHQWR LQWHUQRH D H[SDQVmR
FDIHHLUD5HYLVWDGH+LVWyULD(FRQ{PLFDH(FRQRPLD5HJLRQDO$SOLFDGD

&KDVH-00\HUV -$'LVHQWDQJOLQJ WKH LPSRUWDQFH RI HFRORJLFDO QLFKHV IURP
VWRFKDVWLF SURFHVVHV DFURVV VFDOHV3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO
6RFLHW\±
'HFRQFKDW0%URFNHUKRII(*%DUEDUR/(IIHFWVRIVXUURXQGLQJODQGVFDSH
FRPSRVLWLRQ RQ WKH FRQVHUYDWLRQ HFRORJLFDO YDOXH RI QDWLYH DQG H[RWLF KDELWDWV IRU
QDWLYHIRUHVWELUGV)RUHVW(FRORJ\ and 0DQDJHPHQW
)DKULJ /  (IIHFWV RI KDELWDW IUDJPHQWDWLRQ RQ ELRGLYHUVLW\ $QQXDO 5HYLHZ RI
(FRORJ\DQG6\VWHPDWLFV
)XQGDomR 6260DWD $WOkQWLFD  $WODV GRV UHPDQHVFHQWHV IORUHVWDLV GD0DWD
$WOkQWLFD6mR3DXOR
*DVWRQ.-%ODFNEXUQ703DWWHUQDQGSURFHVV LQPDFURHFRORJ\%ODFNZHOO
6FLHQFH2[IRUG
*RPH]%=0DUWLQV)57DPDVKLUR-<(VWUXWXUDGRFHUUDGmRHGDWUDQVLomR
HQWUHFHUUDGmRHIORUHVWDSDOXGtFRODQXPIUDJPHQWRGD,QWHUQDWLRQDO3DSHUGR%UDVLO
/WGD%URWDV635HYLVWD%UDVLOHLUDGH%RWkQLFD
*RPH]-3 %UDYR*$ %UXPILHOG57 7HOOR-* &DGHQD&'  $SK\ORJHQHWLF
DSSURDFK WR GLVHQWDQJOLQJ WKH UROH RI FRPSHWLWLRQ DQG KDELWDWILOWHULQJ LQ FRPPXQLW\
DVVHPEO\RI1HRWURSLFDOIRUHVWELUGV-RXUQDORI$QLPDO(FRORJ\±
*RQoDOYHV73DVWXUHWUHHVUHJHQHUDWLRQIDUPHUPDQDJHPHQWRURULJLQDOIORUD
UHPQDQW" 'LVVHUWDomR GH 0HVWUDGR 8QLYHUVLGDGH )HGHUDO GH $OIHQDV $OIHQDV
0LQDV*HUDLV%UDVLO




+HUQDQGH]5XHGDV0$$UUR\R5RGULJXH]90HDYH-$ HW DO&RQVHUYLQJ
WURSLFDO WUHH GLYHUVLW\ DQG IRUHVW VWUXFWXUH WKH HFRORJLFDO YDOXH RI VPDOO UDLQIRUHVW
SDWFKHVLQPRGHUDWHO\PDQDJHGODQGVFDSHV3ORV2QHH
+LOO -/ &XUUDQ 3-  $UHD VKDSH DQG LVRODWLRQ RI WURSLFDO IRUHVW IUDJPHQWV
HIIHFWV RQ WUHH VSHFLHV GLYHUVLW\ DQG LPSOLFDWLRQV IRU FRQVHUYDWLRQ -RXUQDO RI
%LRJHRJUDSK\±
,%*(  'LVSRQtYHO HP
KWWSZZZLEJHJRYEUKRPHHVWDWLVWLFDHFRQRPLDSDPSDPSGI
-RO\ &$ $VVLV 0$ %HUQDFFL /& HW DO  )ORULVWLF DQG SK\WRVRFLRORJ\ LQ
SHUPDQHQW SORWV RI WKH $WODQWLF 5DLQIRUHVW DORQJ DQ DOWLWXGLQDO JUDGLHQW LQ
VRXWKHDVWHUQ%UD]LO%LRWD1HRWURSLFD
.DUS'65RPLQJHU$- =RRN -5DQJDQDWKDQ -(KUOLFK 35'DLO\*& 
,QWHQVLYHDJULFXOWXUHHURGHVȕGLYHUVLW\DWODUJHVFDOHV(FRORJ\/HWWHUV±
/DQGH56WDWLVWLFVDQGSDUWLWLRQLQJRIVSHFLHVGLYHUVLW\DQGVLPLODULW\DPRQJ
PXOWLSOHFRPPXQLWLHV2LNRV
/DXUDQFH:)8VHFKH''5HQGHLUR-HODO$YHUWLQJ%LRGLYHUVLW\&ROODSVH
LQ7URSLFDO)RUHVW3URWHFWHG$UHDV1DWXUH±
/DXUHQFH):9DVFRQFHORV+/&RQVHTrQFLDVHFROyJLFDVGDIUDJPHQWDomR
IORUHVWDOQD$PD]{QLD2HFRORJLD%UDVLOLHQVLV
/LQGERUJ 5 3OXH -$QGHUVVRQ . &RXVLQV 6$2 )XQFWLRQ RI VPDOO KDELWDW
HOHPHQWVIRUHQKDQFLQJSODQWGLYHUVLW\LQGLIIHUHQWDJULFXOWXUDO ODQGVFDSHV%LRORJLFDO
&RQVHUYDWLRQ±
0DUWLQH]5DPRV0$OYDUH]%X\OOD(5+RZROGDUHWURSLFDOUDLQIRUHVWWUHHV"
7UHQGVLQ3ODQW6FLHQFH
0D\DX[ 3 +ROPJUHQ 3 $FKDUG ) (YD + 6WLELJ +- %UDQWKRPPH $ 
7URSLFDO IRUHVW FRYHU FKDQJH LQ WKH V DQG RSWLRQV IRU IXWXUH PRQLWRULQJ
3KLORVRSKLFDOWUDQVDFWLRQVRIWKH5R\DO6RFLHW\
0HLUD1HWR -$$0DUWLQV)5(VWUXWXUDGRVXEERVTXHKHUEiFHRDUEXVWLYR
GD PDWD GD VLOYLFXOWXUD XPD IORUHVWD HVWDFLRQDO VHPLGHFLGXDO QR PXQLFtSLR GH
9LoRVD0*5HYLVWDÈUYRUH
0HVTXLWD 5&* 'HODPRQLFD 3 /DXUHQFH :)  (IIHFW RI VXUURXQGLQJ
YHJHWDWLRQRQHGJHUHODWHG WUHHPRUWDOLW\ LQ$PD]RQLDQ IRUHVW IUDJPHQWV%LRORJLFDO
&RQVHUYDWLRQ




0\HUV 1 7KH ELRGLYHUVLW\ FKDOOHQJH H[SDQGHG KRWVSRWV
DQDO\VLV(QYLURQPHQWDOLVW
1DUYDHV,6/RQJKL6-%UHQD'$)ORUtVWLFDHFODVVLILFDomRGDUHJHQHUDomR
QDWXUDOHPIORUHVWDRPEUyILODPLVWDQD)ORUHVWD1DFLRQDOGH6mR)UDQFLVFRGH3DXOD
56&LrQFLD)ORUHVWDO
1DVRQ-'$OGULFK35+DPULFN-/'LVSHUVDODQGWKHG\QDPLFVRIJHQHWLF
VWUXFWXUH LQ IUDJPHQWHG WURSLFDO WUHHSRSXODWLRQV ,Q /DXUHQFH:)%LHUUHJDUG-U
52 HGV 7URSLFDO IRUHVW  UHPQDQWV HFRORJ\ PDQDJHPHQW DQG FRQVHUYDWLRQ RI
IUDJPHQWHGFRPPXQLWLHV8QLYHUVLW\RI&KLFDJR&KLFDJR
2OLYHWWL ' 0LQFDWR 5/ $\HU -(% 6LOYD 0/1 &XUL 1  0RGHODJHP
HVSDFLDO H WHPSRUDO GD HURVmR KtGULFD HP /DWRVVROR YHUPHOKR GLVWUyILFR FRP XVR
DJURSHFXiULR QXPD VXEEDFLD KLGURJUiILFD GR VXO GH 0LQDV *HUDLV&LrQFLD H
$JURWHFQRORJLD
3HWFKH\ 2/ *DVWRQ .-  ([WLQFWLRQ DQG WKH ORVV RI IXQFWLRQDO GLYHUVLW\
3URFHHGLQJVRIWKH5R\DO6RFLHW\RI/RQGRQ
3LOODU 9'  2Q WKH LGHQWLILFDWLRQ RI RSWLPDO SODQW IXQFWLRQDO W\SHV -RXUQDO RI
9HJHWDWLRQ6FLHQFH
3UXJK/5+RGJHV.(6LQFODLU$5(%UDVKDUHV-6(IIHFWRIKDELWDWDUHD
DQG LVRODWLRQ RQ IUDJPHQWHG DQLPDO SRSXODWLRQV 3URFHHGLQJV RI WKH 1DWLRQDO
$FDGHP\RI6FLHQFHVRIWKH8QLWHG6WDWHVRI$PHULFD
5DQLHUR 0  2 HIHLWR GD SDLVDJHP QD VXEWULER GH DEHOKDV HXJORVVLQD
+\PHQRSWHUD$SLGDH'LVVHUWDomRGH0HVWUDGR8QLYHUVLGDGH)HGHUDOGH$OIHQDV
$OIHQDV0*
5LEDV &$ 6FKRHUHGHU -+ 3LF 0 6RDUHV 60  7UHH KHWHURJHQHLW\
UHVRXUFH DYDLODELOLW\ DQG ODUJHU VFDOH SURFHVVHV UHJXODWLQJ DUERUHDO DQW VSHFLHV
ULFKQHVV$XVWUDO(FRORJ\±
5RGULJXHV55*DQGROIL6&RQFHLWRVWHQGrQFLDVHDo}HVSDUDUHFXSHUDomR
GH IORUHVWDV FLOLDUHV ,Q 5RGULJXHV 55 /HLWmR)LOKR +) HGV 0DWDV FLOLDUHV
FRQVHUYDomRHUHFXSHUDomR('8636mR3DXOR
6DQWRV . .LQRVKLWD /6 6DQWRV )$0  7UHH VSHFLHV FRPSRVLWLRQ DQG
VLPLODULW\ LQ VHPLGHFLGXRXV IRUHVW IUDJPHQWV RI VRXWKHUQ %UD]LO %LRORJLFDO
&RQVHUYDWLRQ±




6LOYD :& 0DUDQJRQ/& )HUUHLUD5/& HO DO  (VWXGR GD UHJHQHUDomR
QDWXUDOGHHVSpFLHVDUEyUHDVHPIUDJPHQWRVGHIORUHVWDRPEUyILODGHQVDPDWDGDV
JDOLQKDV QR PXQLFtSLR GH &DWHQGH =RQD GD 0DWD 6XO GH 3HUQDPEXFR &LrQFLD
)ORUHVWDO
6REUDO )/ &LDQFLDUXVR 0  (VWUXWXUD ILORJHQpWLFD H IXQFLRQDO GH
DVVHPEOHLDVUHPRQWDQGR D HFRORJLD GH FRPXQLGDGHV HP GLIHUHQWHV HVFDODV
HVSDFLDLV%LRVFLHQFH-RXUQDO
6XPPHUYLOOH .6 %RXOZDUH 0 9HHFK -$ &ULVW 72  6SDWLDO YDULDWLRQ LQ
VSHFLHVGLYHUVLW\DQGFRPSRVLWLRQRIIRUHVW/HSLGRSWHUDLQ(DVWHUQ'HFLGXRXV)RUHVWV
RI1RUWK$PHULFD&RQVHUYDWLRQ%LRORJ\
9LDQD90 7DEDQH]$$- %LRORJ\ DQG FRQVHUYDWLRQ RI IRUHVW IUDJPHQWV LQ
WKHEUD]LOLDQDWODQWLFPRLVWIRUHVW,Q6FKHOODV-*UHHQEHUJ5HGV)RUHVWSDWFKHV
LQWURSLFDOODQGVFDSHV,VODQG3UHVV:DVKLQJWRQ'&
:ULJKW '+5HHYHV - 2Q WKHPHDQLQJ DQGPHDVXUHPHQW RI QHVWHGQHVV RI
VSHFLHVDVVHPEODJHV2HFRORJLD±





&$3Ë78/2




7KHHFRORJLFDOLPSRUWDQFHIRUWURSLFDOELRGLYHUVLW\FRQVHUYDWLRQRIIRUHVW
IUDJPHQWVHPEHGGHGLQKXPDQPRGLILHGODQGVFDSHV





1RVPROGHVGDUHYLVWD%LRGLYHUVLW\DQG&RQVHUYDWLRQ




 
7KHHFRORJLFDOLPSRUWDQFHIRUWURSLFDOELRGLYHUVLW\FRQVHUYDWLRQRIIRUHVW
IUDJPHQWVHPEHGGHGLQKXPDQPRGLILHGODQGVFDSHV

0DJGD 6LOYD &DUQHLUR &DUROLQH &DPEUDLD )XUWDGR &DPSRV )ODYLR 1XQHV
5DPRVDQG)ODYLR$QWRQLR0DHVGRV6DQWRV

'HSDUWDPHQWR GH %LRORJLD 9HJHWDO ,QVWLWXWR GH %LRORJLD 8QLYHUVLGDGH
(VWDGXDOGH&DPSLQDV&3RVWDO&(3&DPSLQDV63%UD]LO
/DERUDWyULRGH(FRORJLDGH)UDJPHQWRV)ORUHVWDLV(&2)5$*,QVWLWXWRGH
&LrQFLDV GD 1DWXUH]D 8QLYHUVLGDGH )HGHUDO GH $OIHQDV 81,)$/0* 5XD
*DEULHO 0RQWHLUR GD 6LOYD Q $OIHQDV 0* &(3  %UD]LO 7HO

  ,QVWLWXWRGH5HFXUVRV1DWXUDLV8QLYHUVLGDGH)HGHUDO GH ,WDMXEi 81,)(,
5XD'U3HUHLUD&DEUDOQ,WDMXEi0*&(3%UD]LO
  $XWKRU IRU FRUUHVSRQGHQFH HPDLO IQUDPRV#JPDLOFRP 7HOHSKRQH


$FNQRZOHGJHPHQWV
:HWKDQN)HOLSH'3LPHQWD(&DUYDOKR$DQG$OFDQWDUD0IRUKHOSZLWKWKH
ILHOGZRUN DQG6WHSKHQ /DWKDQ IRU FRUUHFWLQJ WKH(QJOLVK 7KLV UHVHDUFKZDV
VXSSRUWHGE\JUDQWVIURPWKH&RRUGHQDomRGH$SHUIHLoRDPHQWRGH3HVVRDOGH
1tYHO6XSHULRU&$3(6 WR0DJGD6LOYD&DUQHLUR WKH)XQGDomRGH$PSDURD
3HVTXLVDGR(VWDGRGH0LQDV*HUDLV)$3(0,*9DOH&RPSDQ\5'3
 DQG WKH&RQVHOKR1DFLRQDOGH'HVHQYROYLPHQWR&LHQWLILFRH7HFQROyJLFR
&13TDQG




$EVWUDFW
7KH HFRORJLFDO LPSRUWDQFH RI ODUJH UHVHUYHV IRU ELRGLYHUVLW\ FRQVHUYDWLRQ LV
XQTXHVWLRQDEOHKRZHYHUDVIRUHVWVDUHLQFUHDVLQJO\EHLQJIUDJPHQWHGJOREDOO\
LWLVLPSRUWDQWWRFRQVLGHUWKHHFRORJLFDOLPSRUWDQFHIRUELRGLYHUVLW\FRQVHUYDWLRQ
RI VPDOO IRUHVW IUDJPHQWV 7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR DVVHVV WKH
HFRORJLFDO LPSRUWDQFH IRU ELRGLYHUVLW\ FRQVHUYDWLRQ RI VPDOO VHPLGHFLGXRXV
IRUHVW IUDJPHQWV KD LQVRXWKHDVWHUQ%UD]LOLDQ$WODQWLF)RUHVW)RU WKLV
ZH LQYHQWRULHG DOO LQGLYLGXDOV WDOOHU WKDQ  P LQ QLQH 6XEPRQWDQH
6HPLGHFLGXRXVIRUHVWIUDJPHQWV'HVSLWHWKHSUHVHQFHRIVRPHH[RWLFVSHFLHV
DQG WKH KLJK QXPEHUV RI LQGLYLGXDOV RI D IHZ GRPLQDQW VSHFLHV WKH IRUHVW
UHPQDQWV GHPRQVWUDWHG KLJK GLYHUVLW\ ZLWK PDQ\ UDUH H[FOXVLYH DQG
WKUHDWHQHGVSHFLHV:HGHPRQVWUDWHGWKHLPSRUWDQFHDQGVWUXFWXUDOLQWHJULW\RI
UHPQDQW IRUHVW DUHDV ZLWK WKH H[SHFWDWLRQ WKDW WKH\ ZLOO EH LQFRUSRUDWHG LQWR
IXWXUHFRQVHUYDWLRQSODQQLQJDQGLQLWLDWLYHV
.H\ZRUGV %LRGLYHUVLW\ FRQVHUYDWLRQ IORULVWLF FRPSRVLWLRQ IUDJPHQWDWLRQ
SURFHVVHVYHJHWDWLRQVWUXFWXUHWURSLFDOIRUHVWV

 




,QWURGXFWLRQ
)UDJPHQWDWLRQ VWXGLHV LQFUHDVLQJO\ IRFXV RQ WKH LPSDFW RI IRUHVW
IUDJPHQWDWLRQRQELRGLYHUVLW\FRQVHUYDWLRQ6DQWRVHWDO0HORHWDO
%UHJPDQHW DO 7KH UHDVRQ IRU WKLV JURZLQJ LQWHUHVW LV WKH ILQGLQJ WKDW
ZKLOH KLVWRULFDOO\PDUJLQDOL]HG LQ FRQVHUYDWLRQ LQLWLDWLYHV *LEVRQ HW DO 
PRVW ELRGLYHUVLW\  FXUUHQWO\ UHVLGHV ZLWKLQ VPDOO IRUHVW IUDJPHQWV RQ SULYDWH
ODQGV 3HUIHFWR DQG 9DQGHUPHHU  )UDJPHQWDWLRQ KDV PXOWLSOH QHJDWLYH
HIIHFWV RQ IRUHVW HFRV\VWHPV DOWHULQJ WKHLU GLYHUVLW\ DQG FRPSRVLWLRQ DQG
LPSDFWLQJWKHHFRORJLFDOSURFHVVHVRIWKHUHPQDQWFRPPXQLWLHVVHH/DXUDQFH
HW DO  IRU D UHYLHZ 6WXGLHV KDYH VKRZQ WKDW IUDJPHQWDWLRQ OHDGV WR
LPSRYHULVKHGFRPPXQLWLHVZLWKIHZGRPLQDQWDQGJHQHUDOLVWVSHFLHVDQGKDYH
IHZ UDUH DQGRU WKUHDWHQHG WD[D 2OLYHLUD HW DO  /DXUDQFH HW DO 
$UUR\R5RGULJXH]HWDO
7KH LPSRYHULVKPHQWRISODQWFRPPXQLWLHV LQ WKHVH IUDJPHQWV LVGLUHFWO\
FDXVHGE\ DUHD UHGXFWLRQ GHIRUHVWDWLRQ DQGKDELWDW ORVVHV DQG LQGLUHFWO\ E\
FKDQJHVLQWKHPLFURFOLPDWHRUPXWXDOLVWLFUHODWLRQVKLSVVXFKDVSROOLQDWLRQDQG
VHHGGLVSHUVDO)DKULJ$GGLWLRQDOO\DVDUHVSRQVHWRFKDQJHVLQPLFUR
FOLPDWH SODQWV LQ IUDJPHQWHG HQYLURQPHQWV KDYH ORZHU WRWDO KHLJKWV DQG
GLDPHWHUVVKRZJUHDWHUGLVWDQFHVEHWZHHQLQGLYLGXDOVDQGVKRZOHVVFDQRS\
RYHUODSSLQJ %UXQDDQG.UHVV$OWKRXJK IUDJPHQWDWLRQFDQFDXVHDOO RI
WKHVHDOWHUDWLRQVWKDWOHDGWRGHJUDGDWLRQVRPHDXWKRUVKDYHDUJXHGWKDWIRUHVW
IUDJPHQWVQRQHWKHOHVVDUH LPSRUWDQWDQGPHULWFRQVHUYDWLRQHIIRUWV6DQWRVHW
DO  +HUQDGH]5XHGDV HW DO  6PDOO IRUHVW SDWFKHV FDQ VHUYH DV
VWHSSLQJ VWRQHV DQG IRRG VRXUFHV IRU QXPHURXV VSHFLHV DQG FRQWULEXWH WR
PDLQWDLQLQJDFHUWDLQGHJUHHRIUHJLRQDOVSDWLDOKHWHURJHQHLW\DQGWKXVVSHFLHV




GLYHUVLW\+HUQDQGH]5XHGDVHWDO6PDOOIUDJPHQWVWKHUHIRUHSOD\DNH\
UROHLQFRQQHFWLQJODUJHUIUDJPHQWVDQGFRQWLQXRXVIRUHVWDUHDVDQGFRQWULEXWLQJ
WRJHQHIORZEHWZHHQSRSXODWLRQV3HUIHFWRDQG9DQGHUPHHU:LWKLQWKLV
FRQWH[WLWZLOOEHLPSRUWDQWWRFRQGXFWPRUHVWXGLHVWKDWHQFRPSDVVODQGVFDSHV
ZLWKFRQWUDVWLQJPDQDJHPHQWKLVWRULHVDQGODQGXVHLQWHQVLWLHV,QSDUWLFXODUDQ
DVVHVVPHQW RI  FRPPXQLW\ VWUXFWXUH ULFKQHVV GLYHUVLW\ HYHQQHVV IORULVWLF
FRPSRVLWLRQ LQ VPDOO IUDJPHQWVDQGELRGLYHUVLW\ FRQVHUYDWLRQYDOXH QXPEHUV
RI UDUH WKUHDWHQHG RU H[FOXVLYH VSHFLHV DUH UHTXLUHG HVSHFLDOO\ LQ WURSLFDO
ELRGLYHUVLW\KRWVSRWV+HUQDGH]5XHGDVHWDO
0RVWVWXGLHVRQIRUHVW IUDJPHQWHVKDYHVDPSOHGDGXOW WUHHV'%+!
FP 0HLUD 1HWR DQG 0DUWLQV  WKXV XVXDOO\ VDPOLQJ LQGLYLGXDOV WKDW
HVWDEOLVKHG EHIRUH IUDJPHQWDWLRQ 0DUWLQH]5DPRV DQG $OYDUH]%X\OOD 
$OWKRXJK WR EHWWHU FKDUDFWHUL]H GLYHUVLW\ DQG EHWWHU XQGHUVWDQG WKH ORQJWHUP
HIIHFWVRI IUDJPHQWDWLRQRQELRGLYHUVLW\ LW LV LPSRUWDQW WR LQFOXGHVHHGOLQJVDQG
VDSOLQJV LQ VWXGLHV 6DOHV DQG 6FKLDYLQL  6HHGOLQJV DQG VDSOLQJV
UHSUHVHQWWKHUHJHQHUDWLYHSRWHQWLDORIWKHIRUHVWPDNLQJLWSRVVLEOHWRFRQVWUXFW
LQIHUHQFHVDERXWIRUHVWUHJHQHUDWLRQDQGWKHPDLQWHQDQFHRIELRGLYHUVLW\LQWKH
PHGLXPDQGORQJWHUP$OYHVDQG0HW]JHU6DOOHVDQG6FKLDYLQL
,Q WKLV VWXG\ ZH DVVHVVHG WKH HFRORJLFDO LPSRUWDQFH IRU ELRGLYHUVLW\
FRQVHUYDWLRQRIVPDOOIUDJPHQWVRI$WODQWLF6HPLGHFLGXRXVIRUHVWKD)RU
WKLV ZH VDPSOHG DOO LQGLYLGXDOV ZLWK '%+ JUHDWHU WKDQ  P GHVFULEH WKH
IORULVWLF FRPSRVLWLRQFDOFXODWH WKH ULFKQHVV DQG GLYHUVLW\ RI VSHFLHV DQG YHULI\
WKH SUHVHQFH RI UDUH DQG HQGDQJHUHG VSHFLHV :H DOVR GHVFULEHG WKH
YHJHWDWLRQ VWUXFWXUH GLDPHWHU KHLJKW EDVDO DUHD DQG GHQVLW\ RI WKH DQG
FRPSDUHGRXUUHVXOWVZLWKGDWDIRXQGLQZHOOSUHVHUYHGDUHDVRI6HPLGHFLGXRXV




$WODQWLF)RUHVW7KLVVXUYH\ LQWHQGHG WR LSURYLGH LQIRUPDWLRQFRQFHUQLQJ WKH
UHJLRQDOIORUDLL LQFUHDVHRXUNQRZOHGJHRIWKHJHRJUDSKLFDOGLVWULEXWLRQVDQG
DEXQGDQFHVRI VSHFLHV LLL VHUYHDVD UHIHUHQFH IRU IXWXUHDQGPRUHDSSOLHG
ZRUNV DQG LY DWWHPSW WR FODULI\ WKH SRWHQWLDO UROHV RI IRUHVW IUDJPHQWV LQ
ELRGLYHUVLW\FRQVHUYDWLRQ

0HWKRGV
Study area 
2XU VWXG\ ZDV XQGHUWDNHQ LQ QLQH 6HPLGHFLGXRXV $WDQWLF IRUHVW
IUDJPHQWV LQ $OIHQDV VRXWKHUQ 0LQDV *HUDLV 6WDWH %UD]LO 
6 [

:7DEOH7KHGLVWDQFHEHWZHHQIUDJPHQWVYDULHGIURPWR
NPDQGWKHDUHDRIIUDJPHQWVYDULHGIRUPWRKD7KHUHJLRQDOFOLPDWH
LVFODVVLILHGDV&ZDZLWKDYHUDJHZLQWHUWHPSHUDWXUHLV&DQG&LQ
VXPPHU DQG WKH DYHUDJH UDLQIDOO LV  PP GXULQJ WKH ZLQWHU DQG  PP
GXULQJWKHVXPPHU$OYDUHVHWDO5HJLRQDOHOHYDWLRQVYDU\IURPWR
PDVOLQDSUHGRPLQDQWO\KLOO\ODQGVFDSHDVVRFLDWHGZLWKPRXQWDLQV7KH
UHJLRQUHWDLQVRQO\DERXWRI LWVQDWLYH IRUHVWFRYHUZLWK WKHPRVWFRPPRQ
PDWUL[W\SHVEHLQJSDVWXUHSHUPDQHQWFXOWLYDWLRQPDLQO\FRIIHH
DQGWHPSRUDU\FURSVPDLQO\VXJDUFDQHDQGFRUQ2OLYHWWL
 
Sample design 
7HQUDQGRPO\SODFHG[PSORWVKDSHUIUDJPHQWZHUHLQVWDOOHG
LQ HDFK IRUHVW IUDJPHQW VWXGLHGDW OHDVW P IURP WKHHGJH LQWR WKH IUDJPHQW
LQWHULRU $OO LQGLYLGXDOV WDOOHU WKDQ  P ZHUH VDPSOHG DQG PHDVXUHG ZLWKLQ
HDFKSORW)RUSUDFWLFDO UHDVRQV WKH LQGLYLGXDOVZHUHGLYLGHG LQWR WZRFODVVHV




WKRVHZLWK GLDPHWHUV DW EUHDVW KHLJKW '%+   FP KHUHDIWHU UHIHUUHG WR DV
FDQRS\ LQGLYLGXDOV DQG WKRVH ZLWK '%+   FP KHUHDIWHU UHIHUUHG WR DV
XQGHUVWRU\ LQGLYLGXDOV$OWKRXJKPDQ\\RXQJWUHHV LQ WKHXQGHUVWRU\FDWHJRU\
ZLOO DFKLHYH IRUHVW FDQRS\ KHLJKWZKHQ IXOO\ JURZQ DQG WKHUHZHUHPDQ\ WDOO
DGXOWVKUXEVSODFHG LQ WKHFDQRS\FDWHJRU\ZHHVWDEOLVKHGWKHVH WZRFODVVHV
WRIDFLOLWDWHWKHLQWHUSUHWDWLRQRIRXUUHVXOWV
%RWDQLFDO LGHQWLILFDWLRQV ZHUH PDGH LQ WKH ILHOG ZKHQ WKLV ZDV QRW
SRVVLEOHVDPSOHVZHUHFROOHFWHG IRUSRVWHULRU LGHQWLILFDWLRQE\VSHFLDOLVWV:H
XVHG WKH $QJLRVSHUP 3K\ORJHQ\ *URXS ,,, $3* ,9  V\VWHP IRU
QRPHQFODWXUH DQG  RI VSHFLHV DUH LGHQWLILHG &RQVHUYDWLRQ VWDWXV ZDV
HYDOXDWHGE\XVLQJ WKH OLVWVRIHQGDQJHUHGVSHFLHVRI0LQDV*HUDLV6WDWHDQG
%UD]LO%LRGLYHUVLWDV
 
Statistical analyses
3K\WRVRFLRORJLFDOSDUDPHWHUVZHUHFDOFXODWHGXVLQJWKH)LWRSDFVRIWZDUH
6KHSKHUG6SHFLHVIUHTXHQFLHVORJWUDQVIRUPHGZHUHFRUUHODWHGZLWK
DEXQGDQFHXVLQJWKH3HDUVRQ
VFRUUHODWLRQFRHIILFLHQWLQ%LR(VWDWVRIWZDUH
$\UHV  6SHFLHV ULFKQHVV ZDV HVWLPDWHG XVLQJ UDUHIDFWLRQ FXUYHV
HPSOR\LQJWKH%RRWVWUDSHVWLPDWRULQWKH(VWLPDWHVRIWZDUH&ROZHOO7KLV
HVWLPDWRULVLQGLFDWHGIRUVDPSOHVZLWKODUJHQXPEHUVRIUDUHVSHFLHV0DJXUUDQ

6L]H VWUXFWXUHV KHLJKWV DQG GLDPHWHUV ZHUH YHULILHG XVLQJ WKH *LQL
FRHIILFLHQW DQG WKH /RUHQ] FXUYH 7KH *LQL FRHIILFLHQW * LV D PHDVXUH RI
LQHTXDOLW\ZKLFKFDQYDU\IURPWRYDOXHVQHDULQGLFDWHWKDWLQGLYLGXDOVLQ
WKH FRPPXQLW\ DUH RI VLPLODU GLPHQVLRQV ZKLOH YDOXHV QHDU  LQGLFDWH ODUJH




GLIIHUHQFHV EHWZHHQ WKHP ,Q WKH /RUHQ] FXUYH WKH GDWD &XPXODWLYH VL]H [
&XPXODWLYH QXPEHU RI LQGLYLGXDOV LV RUGHUHG IURP WKH ORZHVW WR WKH KLJKHVW
KHLJKWRUGLDPHWHU LQDFXPXODWLYHPDQQHU ,IDOO LQGLYLGXDOVDUHRI WKHVDPH
VL]HGLDPHWHU WKHUHVXOWLQJSORWZLOOEHDGLDJRQDO OLQH LI WKH LQGLYLGXDOVDUHRI
XQHTXDOVL]HVGLDPHWHUVWKHFXUYHZLOOIDOOEHORZWKHGLDJRQDO*UHDWHUVSDFLQJ
EHWZHHQ WKH VL]HVGLDPHWHUV UHIOHFWV PRUH XQHTXDO VL]HVGLDPHWHUV :LHQHU
DQG 6ROEULJ  7KHVH DQDO\VHV ZHUH PDGH XVLQJ WKH UHGLVW DQG ERRW
SDFNDJHVLQWKH5HQYLURQPHQW

5HVXOWV
:HUHFRUGHGLQGLYLGXDOVEHORQJLQJWRIDPLOLHVJHQHUDDQG
VSHFLHVRQO\RI LQGLYLGXDOVZHUHQRW LGHQWLILHG2I WKLV 
VSHFLHVDQGIDPLOLHVZHUHFRPPRQWRWKHFDQRS\DQGXQGHUVWRU\
OD\HUV/DUJHQXPEHUVRIVSHFLHVDQGIDPLOLHVRFFXUUHGRQO\LQ
WKHXQGHUVWRU\ZKLOHWZRIDPLOLHV&DULFDFHDHDQG5KDPQDFHDHDQG
 VSHFLHVRFFXUUHGRQO\ LQ WKHFDQRS\7KH IDPLOLHV$QDFDUGLDFHDH
$QQRQDFHDH (XSKRUELDFHDH )DEDFHDH /DXUDFHDH 0HOLDFHDH 0\UWDFHDH
6DOLFDFHDH DQG 5XELDFHDH DV ZHOO DV WKH VSHFLHVDuguetia lanceolata DQG
Copaifera langsdorffiiRFFXUUHGLQERWKOD\HUVDQGLQDOOIUDJPHQWV7DEOH

Canopy stratum - Individuals with DBH  5 cm
:H VDPSOHG  LQGLYLGXDOV RI WKH FDQRS\ VWUDWXP RI WKH QLQH
IUDJPHQWVZLWK'%+FPGLVWULEXWHGDPRQJVSHFLHVJHQHUDDQG
 IDPLOLHV 7ZHQW\RQH IDPLOLHV  ZHUH UHSUHVHQWHG E\ RQO\ D VLQJOH
VSHFLHV ZKLOH WKH ULFKHVW IDPLOLHV ZHUH )DEDFHDH  0\UWDFHDH




/DXUDFHDH0HOLDFHDHDQG(XSKRUELDFHDH
7KHVH ILYH IDPLOLHV JUHDWO\ FRQWULEXWHG WR UHJLRQDO WUHH GLYHUVLW\ FRPSULVLQJ
 RI DOO RI WKH VSHFLHV 7DEOH  $QDFDUGLDFHDH $QQRQDFHDH
(XSKRUELDFHDH)DEDFHDH/DXUDFHDH0HOLDFHDH0\UWDFHDH5XELDFHDHDQG
6DOLFDFHDH ZHUH WKHPRVW IUHTXHQW IDPLOLHVRFFXUULQJ LQDOPRVWDOORI
WKHIUDJPHQWV7DEOH 
Copaifera langsdorffii Ocotea odorifera Cryptocarya aschersoniana
Metrodorea stipularis DQG Miconia willdenowii KDG WKH KLJKHVW ,9, 2QOLQH
5HVRXUFH Duguetia lanceolata Cryptocarya aschersoniana Copaifera 
langsdorffii,DQGOcotea corymbosa ZHUHWKHPRVWIUHTXHQWVSHFLHV LQWKHQLQH
IUDJPHQWV UHSUHVHQWLQJ  RI WKH WRWDO ULFKQHVV DQG  RI WKH WRWDO
QXPEHURILQGLYLGXDOVVDPSOHG7KHPRVWDEXQGDQWVSHFLHVZHUHDOVRWKHPRVW
IUHTXHQW U3HDUVRQ  S 6RPH VSHFLHV KRZHYHU KDG KLJK
DEXQGDQFHV EXW ORZ IUHTXHQFLHV VXFK DV Vernonanthura divaricata, 
Platypodium elegans, DQG Piptadenia gonoacantha ZKLOH RWKHUV KDG ORZ
DEXQGDQFHV DQG KLJK IUHTXHQFLHV VXFK DVDalbergia villosa, Tapirira obtusa,
DQGGuatteria australis 7DEOH7KHIUDJPHQWVKDGKLJKQXPEHUVRIH[FOXVLYH
VSHFLHVVSHFLHVRFFXUULQJLQRQO\RQHIUDJPHQWZLWKDSSUR[LPDWHO\RIWKH
VSHFLHV LQ HDFK IUDJPHQW DQG  RI WKH WRWDO QXPEHU RI VSHFLHV EHLQJ
H[FOXVLYH
7KHWRWDOVSHFLHVULFKQHVVRIWKHVWXG\DUHDKDDVHVWLPDWHGXVLQJ
WKH %RRWVWUDS HVWLPDWRU ZDV  2QOLQH 5HVRXUFH  ZKLOH 6KDQQRQ¶V
GLYHUVLW\ LQGH[ZDVDQG3LHORX¶VHYHQQHVV LQGH[ZDV7KHULFKQHVV
HVWLPDWHGE\%RRWVWUDS IRUHDFKSORW KDYDULHG IURP WRZKLOH
6KDQQRQ¶VGLYHUVLW\ LQGH[ +¶ UDQJHG IURP WRQDWVLQGDQG3LHORX¶V




HYHQQHVV-¶LQGH[UDQJHGIURPWR7DEOH,QDGGLWLRQWRUHWDLQLQJ
ODUJHQXPEHUVRI VSHFLHV WKHDUHDVKHOGPDQ\HQGDQJHUHGVSHFLHVEuterpe 
edulis Ficus cyclophylla, DQG Cedrela fissilis DUH FODVVLILHG DV YXOQHUDEOH WR
H[WLQFWLRQ ZKLOH Ocotea odorífera LV HQGDQJHUHG LQ %UD]LO DQG Persea 
rufotomentosa DQG Ocotea odorífera DUH FODVVLILHG DV YXOQHUDEOH LQ 0LQDV
*HUDLV6WDWH2QOLQH5HVRXUFH
7KHFDQRS\VWUDWXPRI WKH IUDJPHQWVGHPRQVWUDWHGJHQHUDOO\ ORZEDVDO
DUHDVDQGKLJKGHQVLWLHVFRPSDUHGRWKHUVVWXGLHV7KH WRWDODUHDVWXGLHG
KD KDG D PHDQ WRWDO EDVDO DUHD RI  P KD DQG DQ RYHUDOO GHQVLW\ RI
 LQG KD $PRQJ WKH GLIIHUHQW IUDJPHQWV EDVDO DUHDV UDQJHG IURP
WRPKDZKLOHWKHLUGHQVLWLHVUDQJHGIURPWRLQGKD7DEOH
7KHVDPSOHGLQGLYLGXDOVZHUHIRXQGWREHJHQHUDOO\ORZPHDQ P
WDOODQGWKLQPHDQ FPLQGLDPHWHUWKHUHZHUHQRODUJHYDULDWLRQV
DPRQJ LQGLYLGXDOVHLWKHU LQ WHUPVRI WKHLUKHLJKWV* &, WRRU
GLDPHWHUV* ,& WR2QOLQH5HVRXUFH 
 
Understory stratum - Individuals with DBH  5 cm
7KH  LQGLYLGXDOV UHFRUGHG LQ WKH XQGHUVWRU\ EHORQJHG WR 
VSHFLHV RI  JHQHUD LQ  IDPLOLHV (LJKWHHQ IDPLOLHV  ZHUH
UHSUHVHQWHGE\DVLQJOHVSHFLHV&RQYHUVHO\RIWKHVSHFLHVEHORQJHGWR
ILYH IDPLOLHV 0\UWDFHDH  )DEDFHDH  5XELDFHDH 
/DXUDFHDH  DQG 0HODVWRPDWDFHDH  FRQWULEXWLQJ 7DEOH 
)DEDFHDH 0\UWDFHDH DQG 5XELDFHDH ZHUH WKH PRVW IUHTXHQW IDPLOLHV
RFFXUULQJLQDOPRVWLQHYHU\IUDJPHQW7DEOH 




Siparuna guianensis, Psychotria vellosiana, Trichilia emarginata, 
Cupania zanthoxyloides, DQG Ocotea odorifera KDG WKH KLJKHVW ,9, 2QOLQH
5HVRXUFH  Duguetia lanceolata Croton floribundus Copaifera langsdorffii, 
Ocotea odorifera,Mollinedia widgrenii, Amaioua guianensis, Psychotria 
vellosiana, Casearia decandra, Casearia sylvestris DQG Siparuna guianensis 
ZHUHWKHPRVWIUHTXHQWVSHFLHVLQWKHQLQHIUDJPHQWVUHSUHVHQWLQJRIWKH
WRWDO ULFKQHVVDQGRI WKH WRWDO QXPEHURI LQGLYLGXDOV VXUYH\HG7KHPRVW
DEXQGDQW VSHFLHV ZHUH DOVR WKHPRVW IUHTXHQW U3HDUVRQ  S
6RPH VSHFLHV VKRZHG KLJK DEXQGDQFH EXW ORZ IUHTXHQF\ LQFOXGLQJ Trichilia 
clausseni, Piper amalago, Galipea jasminiflora, DQG Trichilia elegans RWKHUV
VKRZHG ORZ DEXQGDQFH DQG KLJK IUHTXHQF\ VXFK DV Tapirira obtuseCordia 
sellowianaEugenia florida, DQG Ilex cerasifolia 7DEOH  7KH IUDJPHQWV KDG
ODUJH QXPEHUV RI VSHFLHV WKDW RFFXUUHG LQ RQH IUDJPHQW RQO\ ZLWK
DSSUR[LPDWHO\RIWKHVSHFLHVLQVLQJOHIUDJPHQWVDQGRQWKHZKROH
RIWKHWRWDOQXPEHURIVSHFLHVEHLQJH[FOXVLYH
:KHQ WKHQLQHVLWHVZKHUHFRQVLGHUHGDVDVLQJOHVDPSOH KD WKH
WRWDO VSHFLHV ULFKQHVVDVHVWLPDWHGXVLQJ WKH%RRWVWUDSHVWLPDWRUZDV
2QOLQH5HVRXUFH6KDQQRQ¶VGLYHUVLW\LQGH[ZDVQDWVLQGDQG3LHORX¶V
HYHQQHVV LQGH[ ZDV  5LFKQHVV DV HVWLPDWHG E\ %RRWVWUDS IRU HDFK
IUDJPHQW KD UDQJHG IURP WR6KDQQRQ¶VGLYHUVLW\ +¶ UDQJHG
IURPWRQDWVLQGDQG3LHORX¶VHYHQQHVV-¶UDQJHGIURPWR
7DEOH  $PRQJ WKH ODUJH QXPEHUV RI VSHFLHV WKH  IUDJHPQWVFRQWDLQHG
QXPHURXV HQGDQJHUHG VSHFLHV VXFK DV VSHFLHV LQ D YXOQHUDEOH FRQVHUYDWLRQ
VWDWXV Ficus cyclophylla, Myrcia diaphana, Rudgea jasminoides, DQGCedrela 
fissilis RU DUH WKUHDWHQHG ZLWK H[WLQFWLRQ LQ %UD]LOCariniana legalis, Eugenia 




malacantha, DQGE. malacantha,QDGGLWLRQPersea rufotomentosaDQGOcotea 
odoriferaDUHFODVVLILHGDVYXOQHUDEOHLQ0LQDV*HUDLV6WDWH2QOLQH5HVRXUFH
7KH XQGHUVWRU\ VWUDWXP RI WKH IUDJPHQWV JHQHUDOO\ VKRZHG ORZ EDVDO
DUHDVDQGKLJKGHQVLWLHVFRPSDUHGRWKHUVVWXGLHV7KHVWXG\DUHDKDKDG
DPHDQEDVDODUHDRIPKDDUHDDQGWRWDOGHQVLW\RILQGKD7KH
EDVDODUHDVRIWKHIUDJPHQWVUDQJHGIURPPKDWRPKDZKLOHSODQW
GHQVLW\DWHDFKVLWH KD UDQJHG IURP LQGKDWR LQGKD7DEOH
7KHLQGLYLGXDOVVXUYH\HGZHUHJHQHUDOO\VKRUWPHDQ PWDOODQG
WKLQ PHDQ      FP LQ GLDPHWHU DQG WKHUH ZHUH QR ODUJH YDULDWLRQV
EHWZHHQ LQGLYLGXDOV HLWKHU LQ WHUPV RI KHLJKW *  &,  WR  RU
GLDPHWHU* ,& WR2QOLQH5HVRXUFH

'LVFXVVLRQ
7KH IUDJPHQWV VWXGLHG SUHVHQWHG KLJK VSHFLHV ULFKQHVV DQG GLYHUVLW\
ZLWK PDQ\ UDUH DQGRU H[FOXVLYH VSHFLHV DV ZHOO DV HQGDQJHUHG WD[D IHZ
VSHFLHVZHUHYHU\DEXQGDQWDQGVRPHZHUHH[RWLF ,QJHQHUDO WKHIUDJPHQWV
KDGORZEDVDODUHDVZLWKKLJKGHQVLWLHVRIVPDOODQGWKLQLQGLYLGXDOVFRPSDUHG
RWKHUVVWXGLHVZKLFK LQGLFDWHG WKDW WKHVHDUHDVZHUH LQD UHFXSHUDWLRQSKDVH
IROORZLQJ D UHFHQW GLVWXUEDQFH 7KH XQGHUVWRU\ FRQWULEXWHG ODUJH QXPEHUV RI
H[FOXVLYH VSHFLHV WR WKH WRWDO VSHFLHV ULFKQHVV RI WKH IUDJPHQWV DQG WKH
LQFOXVLRQRIWKLVVWUDWXPLQWKHVDPSOLQJLQFUHDVHGULFKQHVVE\0RUHWKDQ
KDOI RI FDQRS\ VSHFLHV  ZHUH DOVR HQFRXQWHUHG LQ WKH XQGHUVWRU\
LQGLFDWLQJ UHJHQHUDWLRQ VR WKH IUDJPHQWV ZLOO EH FDSDEOH RI DWWDLQLQJ KLJK
GLYHUVLW\RYHUWLPH




7KH VPDOO IUDJPHQWHG ODQGVFDSH SDWFKHV LQ WKH SUHVHQW VWXG\ VKRZHG
KLJK GLYHUVLW\ DQG ULFKQHVV FRPSDUHG ZLWK WKRVH LQ ZHOOSUHVHUYHG DUHDV RU
ODUJHIUDJPHQWV0HLUD1HWRDQG0DUWLQV:HUQHFNHWDO%RWUHOHWDO
'DODQHVLHWDO6SyVLWRDQG6WHKPDQQ0DUDJRQHWDO
7KHIUDJPHQWVVWXGLHGKHUHVKRZHGODUJHQXPEHUVRIUDUHRQHLQGLYLGXDODQG
H[FOXVLYHVSHFLHVSUHVHQWLQRQO\DVLQJOHIUDJPHQWWKDWFRQWULEXWHGWRWKHKLJK
REVHUYHG GLYHUVLW\ 7KH VSHFLHV GLYHUVLW\ +¶  DQG HVWLPDWHG ULFKQHVV
REVHUYHGLQWKHSUHVHQWVWXG\ZHUHVLPLODUWRWKRVHRIRWKHUUHODWLYHO\ZHOO
SUHVHUYHG DUHDV RI 6HPLGHFLGXRXV $WODQWLF )RUHVW ZKRVH GLYHUVLW\ YDULHV
EHWZHHQDQG0HLUD1HWRDQG0DUWLQV:HUQHFNHWDO%RWUHO
HWDO'DODQHVLHWDO6SyVLWRDQG6WHKPDQQ0DUDJRQHWDO

$GGLWLRQDOO\ WKH IUDJPHQWV VWLOO SUHVHUYHG PDQ\ IDPLOLHV DQG VSHFLHV
NQRZQ IURP WKH VXUURXQGLQJ UHJLRQDO VHPLGHFLGXRXV IRUHVWV 7KH IDPLOLHV
0\UWDFHDH)DEDFHDHDQG/DXUDFHDHVKRZHGWKHKLJKHVWQXPEHUVRIVSHFLHV
LQ ERWK VWUDWD LQ DOPRVW DOO WKH IUDJPHQWV 7KHVH IDPLOLHV DUH FRPPRQO\
HQFRXQWHUHGLQPDWXUHVWDJHVHPLGHFLGXRXVWURSLFDOIRUHVWV2OLYHLUD)LOKRDQG
)RQWHV/LNHZLVHOcotea odoriferaDQG Copaifera langsdorffiZKLFKZHUH
PRVW LPSRUWDQWVSHFLHV LQDOPRVWDOO WKHIUDJPHQWVDUH OLNHZLVHIRXQGLQ ODUJH
QXPEHUV LQRWKHU ODUJHDQGZHOOSUHVHUYHGVHPLGHFLGXRXVIRUHVWV:HUQHFNHW
DO  'DODQHVL HW DO 0DUDQJRQ HW DO  7KH IUDJPHQWV VWXGLHG
KHUH VWLOO SUHVHUYHG QLQH HQGDQJHUHG VSHFLHV LQ ERWK WKHLU FDQRSLHV DQG
XQGHUVWRULHV GHPRQVWUDWLQJ WKH LPSRUWDQFH RI WKHVH IUDJPHQWV WR WKH
FRQVHUYDWLRQRIUHJLRQDOELRGLYHUVLW\ WZRRI WKRVHVSHFLHVEuterpe edulis DQG




Ficus cyclophyllaKRZHYHUVKRZHGIHZLQGLYLGXDOVLQWKHXQGHUVWRU\DQGQRQH
LQWKHFDQRS\VWUDWXP
7KH IUDJPHQWV DOVR SUHVHQWHG FKDUDFWHULVWLFV RI GLVWXUEHG DUHDV
KRZHYHU VXFK DV LQYDVLRQV E\ H[RWLF VSHFLHV DQG KLJK GHQVLWLHV RI WKLQ DQG
VKRUWLQGLYLGXDOV1XQHVHWDO2QHRIWKHPRVWDEXQGDQWVSHFLHVLQWKH
XQGHUVWRU\ VWUDWXPZDVCoffea arabica FRIIHH DQ H[RWLF SODQW 7KLV VSHFLHV
UHSUHVHQWV D ELRORJLFDO LQYDVLRQ SUREOHP WKDW KDV EHHQ GHVFULEHG LQ RWKHU
VHPLGHFLGXRXV IRUHVWVLWHV 'XULJDQHWDO0DUWLQVDQG5RGULJXHV
7KH SULQFLSDO FRQFHUQ LV WKDW WKLV VSHFLHV LQWHUIHUHV ZLWK WKH SURFHVVHV RI
QDWXUDO VXFFHVVLRQ WKURXJK FRPSHWLWLRQ ZLWK QDWLYH VSHFLHV *XDUDWLQL HW DO

7KH VL]H VWUXFWXUH RI WKH SODQW FRPPXQLW\ VWXGLHG KHUH DOVR LQGLFDWHG
GLVWXUEDQFH8KODQG0XUSK\3DUWKDVDUDWK\1XQHVHWDO7KH
EDVDO DUHDV DQG GHQVLWLHV RI LQGLYLGXDOV ZHUH DPRQJ WKH ODUJHVW IRXQG LQ
6HPLGHFLGXRXV$WODQWLFIRUHVWVLWHV2OLYHLUD)LOKRet al%RWUHOHWDO
6RXVDHWDO'DODQHVLHWDO2OLYHLUD)LOKRHWDO3LQWRHWDO
'LDV1HWRHWDO/RSHVHWDO±DOWKRXJKZKHQFicus trigona 
DQG F. gomelleira VSHFLHVZLWK H[WUHPHO\ ODUJH'%+ DQG RQO\ RQH LQGLYLGXDO
HDFKLQWKHWRWDOVDPSOHZHUHUHPRYHGIURPWKHDQDO\VLV WKHREVHUYHGEDVDO
DUHDZDVDFWXDOO\DPRQJ WKH ORZHVW\HW UHSRUWHG+LJK WUHHGHQVLWLHVZLWK ORZ
EDVDO DUHDV LQGLFDWH WKH GHQVLILFDWLRQ RI WKLQQHU LQGLYLGXDOV ± FKDUDFWHULVWLF RI
HQYLURQPHQWVWKDWKDYHVXIIHUHGUHFHQWGLVWXUEDQFHVDQGDUHLQWKHSURFHVVRI
UHJHQHUDWLRQ 8KO DQG0XUSK\3DUWKDVDUDWK\1XQHVHW DO 
7ZRRWKHUDVSHFWVRIWKLVVWXG\UHLQIRUFHWKLVFRQFOXVLRQWKHDYHUDJHKHLJKWRI
DOOLQGLYLGXDOVZDVPDQGRQO\WZRIUDJPHQWVKDGHPHUJHQWLQGLYLGXDOV




PRUHWKDQPWDOOPRVWLQGLYLGXDOVKDGWKLQVWHPVPHDQFP±
KLJKGHQVLWLHVRIVPDOOWKLQWUHHVDUHLQGLFDWLYHRIUHFHQWGLVWXUEDQFH1XQHVHW
DO6RPHDXWKRUVKDYHDUJXHGWKDW LVSRVVLEOH WR LQIHU WKHUHJHQHUDWLRQ
VWDWXVRIDSODQWFRPPXQLW\EDVHGRQLWVVWUXFWXUH&ODUN+XWFKLQJV
&RQGLWHWDODVVWUXFWXUHUHIOHFWVWKHELRWLFDQGDELRWLFIDFWRUVLQIOXHQFLQJ
WKHSODQWSRSXODWLRQV$UHDVVWXGLHG$WODQWLFIRUHVWE\1XQHVHWDOWKDW
KDG VXIIHUHG UHFHQW GLVWXUEDQFHV KDG EDVDO DUHDV GHQVLWLHV KHLJKWV DQG
GLDPHWHUV VLPLODU WR WKRVH REVHUYHG LQ WKH SUHVHQW VWXG\1HYHV DQG3HL[RWR
VWXG\LQJ IUDJPHQWV RI $WODQWLF IRUHVW  IRXQG WKDW WKH FDQRS\ VWUDWXP RI
UHFHQWO\ GLVWXUEHG IUDJPHQWV  \HDUV KDG WKLQQHU DQG VKRUWHU WUHHV WKDQ
ROGHUGLVWXUEHGVLWHV!\HDUV
7KHIUDJPHQWVVWXGLHGKHUHZHUHVWUXFWXUDOO\YHU\VLPLODUWRRWKHUWURSLFDO
IUDJPHQWV LQ WKDW WKH\ ZHUH UHODWLYHO\ VPDOO LVRODWHG DQG HPEHGGHG LQ
DQWKURSRJHQLF PDWULFHV -RO\ HW DO  DOWKRXJK RXU UHVXOWV FRQWUDVW ZLWK
PRVW RI WKRVH ILQGLQJV :KLOH PDQ\ DXWKRUV KDYH UHSRUWHG IUDJPHQWHG
FRPPXQLWLHVZLWKORZGLYHUVLWLHVDQGWKDWZHUHGRPLQDWHGE\SLRQHHUVVSHFLHV
6LOYDDQG7DEDUHOOL/DXUDQFHHWDO6DQWRVHWDOZHIRXQG
WKDWRXUIRUHVWUHPQDQWVKDGKLJKOHYHOVRIGLYHUVLW\ZLWKPDQ\UDUHH[FOXVLYH
DQG WKUHDWHQHG VSHFLHV GHVSLWH WKH SUHVHQFH RI VRPH H[RWLF WD[D DQGPDQ\
LQGLYLGXDOVRI MXVWD IHZGRPLQDQWVSHFLHV2XUK\SRWKHVLV IRU WKHVH UHVXOWV LV
WKDQ WKH ODQGVFDSH W\SH DQG ODQGXVH KLVWRU\ RI WKH PDWUL[ LQ ZKLFK WKHVH
IUDJPHQWV DUH LQVHUWHG DUH KHOSLQJ WR PDLQWDLQ VSHFLHV GLYHUVLW\6PDOOVFDOH
DJULFXOWXUDO SUDFWLFHV GRPLQDWH ZLWK GLIIHUHQW FXOWLYDWLRQ VFKHPHV RQ PRVW
SURSHUWLHVDQGKHWHURJHQHRXVDQGVWUXFWXUDOO\YDULHGPDWULFHVLQWHUPVRISODQW
VL]HVDQGFURZQFRYHUDJHWKDWDUHVWUXFWXUDOO\VLPLODUWRIRUHVWIUDJPHQWVZRXOG




WHQGWRDWWHQXDWHHGJHHIIHFWV7KLVW\SHRIPDWUL[FRXOGIXQFWLRQDVDIUDJPHQW
H[WHQVLRQ SURYLGLQJ VKHOWHU DQG IRRG IRU ZLOGOLIH ZKLOH IDFLOLWDWLQJ GLVSHUVDO
EHWZHHQUHPQDQWV0HVTXLWDHWDODQGWKHUHPQDQWVWKHPVHOYHVEHLQJ
UHODWLYHO\FORVHWRRQHDQRWKHUZRXOGIDFLOLWDWHWKHVXUYLYDODQGPDLQWHQDQFHRI
VSHFLHV DQG WKHLU H[FKDQJH EHWZHHQ IUDJPHQWV 2XU IUDJPHQWV GLG QRW VKRZ
HYLGHQFH RI VHYHUH GLVWXUEDQFH VXFK DV VHOHFWLYH ORJJLQJ RU WKH SDVVDJH RI
ILUHDOWKRXJKFDWWOHKDGDSSDUHQWO\JUD]HGVRPHDUHDV7KHVHIDFWRUVFRPELQHG
ZLWKWKHIDFWWKDWWKHXQGHUVWRULHVVKRZHGKLJKGLYHUVLW\UHLQIRUFHWKHYLHZWKDW
WKHVH IUDJPHQWV ZLOO EH FDSDEOH RIPDLQWDLQLQJ WKHLU GLYHUVLW\ IRUPDQ\ \HDUV
DQGWKXVFRQWULEXWHWRELRGLYHUVLW\FRQVHUYDWLRQ

&RQVHUYDWLRQLPSOLFDWLRQV
7KHSUHVHUYDWLRQDQGUHVWRUDWLRQRIIRUHVWIUDJPHQWVLVFXUUHQWO\DFHQWUDO
LVVXHLQGLVFXVVLRQVRIELRGLYHUVLW\FRQVHUYDWLRQDVPRVWWURSLFDOELRGLYHUVLW\LV
QRZORFDWHGLQWKHVHW\SHVRIHQYLURQPHQWV0HORHWDO:HKDYHVKRZQ
WKDW IRUHVW IUDJPHQWV FDQ PDLQWDLQ KLJK VSHFLHV ULFKQHVV DQG GLYHUVLW\ DQG
WKHUHIRUH KDYH KLJK FRQVHUYDWLRQ HFRORJLFDO YDOXH ZLWK WKH QLQH HQGDQJHUHG
VSHFLHV LGHQWLILHG LQ WKHVWXG\ IUDJPHQWV UHLQIRUFLQJ WKHLUFRQVHUYDWLRQSULRULW\
$GGLWLRQDOO\ WKHVH IUDJPHQWV DUH UHSUHVHQWDWLYH RI UHJLRQDO ODQGVFDSH KHOS
PDLQWDLQHFRV\VWHPVHUYLFHVVHUYHDVVWHSSLQJVWRQHVDQGSURYLGHUHVRXUFHV
IRU ZLOGOLIH E\ LQFUHDVLQJ ODQGVFDSH FRQQHFWLYLW\ (ZHUV DQG 'LGKDP 
$UUR\R5RGULJXH]HWDO+HUQiQGH]5XHGDVHWDO7KHHFRORJLFDO
YDOXHRIODUJHUHVHUYHVIRUELRGLYHUVLW\FRQVHUYDWLRQLVXQTXHVWLRQDEOHDOWKRXJK
LQ D ZRUOG IDFLQJ D JURZLQJ VFHQDULR RI IUDJPHQWDWLRQ WKH LPSRUWDQFH DQG




IXQFWLRQDOLW\ RI IRUHVW IUDJPHQWV VKRXOG EH UHFRJQL]HG DQG LQFRUSRUDWHG LQWR
IXWXUHFRQVHUYDWLRQLQLWLDWLYHV

5HIHUHQFHV
$OYDUHV&&6WDSH-/6HQWHOKDV36*ROoDORQoDOYHV-/06SDURYHN*
.|SSHQ¶V FOLPDWH FODVVLILFDWLRQ PDS IRU %UD]LO 0HWHRURORJLVFKH =HLWVFKULIW
±
$OYHV /) 0HW]JHU -3  $ UHJHQHUDomRIORUHVWDO HP iUHDV GH
IORUHVWDVHFXQGiULD QD 5HVHUYD )ORUHVWDO GR 0RUUR *UDQGH &RWLD 63 %LRWD
1HRWURSLFDGRL6
$3*,,$QXSGDWHRIWKH$QJLRVSHUP3K\ORJHQ\*URXSFODVVLILFDWLRQIRU
WKH RUGHUV DQG IDPLOLHV RI IORZHULQJ SODQWV $3* ,, %RWDQLFDO -RXUQDO RI WKH
/LQQHDQ6RFLHW\±
$UUR\R5RGUÕLJXH]93LQHGD((VFREDU)%HQLWH]0DOYLGR-(FRORJLFDO
YDOXH RI VPDOO SDWFKHV LQ WKH FRQVHUYDWLRQ RI SODQWVSHFLHV GLYHUVLW\ LQ KLJKO\
IUDJPHQWHGUDLQIRUHVW&RQVHUYDWLRQ%LRORJ\±
$UUR\R5RGUtJXH] 9 5|V0 (VFREDU )0HOR )3/ 6DQWRV %$ HW DO 
3ODQWȕGLYHUVLW\ LQ IUDJPHQWHGUDLQIRUHVWV WHVWLQJ IORULVWLFKRPRJHQL]DWLRQDQG
GLIIHUHQWLDWLRQK\SRWKHVHV-RXUQDORI(FRORJ\±
$\UHV0$\UHV -U0$\UHV'/ 6DQWRV$$6 %LRHVWDW  DSOLFDo}HV
HVWDWtVWLFDVQDViUHDVGDVFLrQFLDVELROyJLFDVHPpGLFDV,'60%HOpP
%LRGLYHUVLWDV  5HYLVmR GDV OLVWDV GDV HVSpFLHV GD IORUD H GD IDXQD
DPHDoDGDV GH H[WLQomR GR HVWDGR GH 0LQDV *HUDLV
ZZZELRGLYHUVLWDVRUJEUOLVWDVPJ5HODWRULR/LVWDV PJB9ROSGI $FFHVVHG RQ
2FWREHU




%RWUHO572OLYHLUD)LOKR$75RGULJXHV /&XUL1  ,QIOXrQFLD GR VROR H
WRSRJUDILD VREUH DV YDULDo}HV GD FRPSRVLomR IORUtVWLFD H HVWUXWXUDO GD
FRPXQLGDGH DUEyUHRDUEXVWLYD GH XPD IORUHVWD HVWDFLRQDO VHPLGHFLGXDO HP
,QJDt0*5HYLVWD%UDVLOHLUDGH%RWkQLFD
%UHJPDQ736HNHUFLRJOX&+7RELDV$-*OREDOSDWWHUQVDQGSUHGLFWRUV
RI ELUG VSHFLHV UHVSRQVHV WR IRUHVW IUDJPHQWDWLRQ LPSOLFDWLRQV IRU HFRV\VWHP
IXQFWLRQDQGFRQVHUYDWLRQ%LRORJLFDO&RQVHUYDWLRQ±
%UXQD (0 .UHVV :-  +DELWDW IUDJPHQWDWLRQ DQG WKH GHPRJUDSKLF
VWUXFWXUHRIDQ$PD]RQLDQXQGHUVWRU\KHUEHeliconia acuminata&RQVHUYDWLRQ
%LRORJ\
&DUYDOKR'$2OLYHLUD)LOKR$79LOHOD($&XUL1)ORUtVWLFDHHVWUXWXUD
GDYHJHWDomRDUEyUHDGHXP IUDJPHQWRGH IORUHVWD VHPLGHFLGXDOjVPDUJHQV
GRUHVHUYDWyULRGD8VLQD+LGUHOpWULFD'RQD5LWD,WDPEpGR0DWR'HQWUR0*
$FWD%RWDQLFD%UDVLOLFD
&DVWLOKR ))$  (FRQRPLD 6XO0LQHLUD R DEDVWHFLPHQWR LQWHUQR H D
H[SDQVmR FDIHHLUD  5HYLVWD GH +LVWyULD (FRQ{PLFD H (FRQRPLD
5HJLRQDO$SOLFDGD
&ODUN'$  3ODQW GHPRJUDSK\ ,Q0F'DGH /' %DZD.6+HVSHQKHLGH
+$+DUWVKRUQ*6HGV/D6HOYDHFRORJ\DQGQDWXUDOKLVWRU\RIDQHRWURSLFDO
UDLQIRUHVW8QLYHUVLW\RI&KLFDJR3UHVV&KLFDJRSS
&ROZHOO 5.  (VWLPDWH6 6WDWLVWLFDO (VWLPDWLRQ RI 6SHFLHV 5LFKQHVV DQG
6KDUHG6SHFLHV)URP6DPSOHV9HUVLRQ
&RQGLW 5 6XNXPDU 5 +XEEHOO 63 )RVWHU 5%  3UHGLFWLQJ SRSXODWLRQ
WUHQGV IURP VL]H GLVWULEXWLRQ D GLUHFW WHVW LQ D WURSLFDO WUHH FRPPXQLW\7KH
$PHULFDQ1DWXUDOLVW




'DODQHVL 3( 2OLYHLUD)LOKR $7 )RQWHV 0$/  )ORUD H HVWUXWXUD GR
FRPSRQHQWH DUEyUHRGD IORUHVWD GR3DUTXH(FROyJLFR4XHGDVGR5LR%RQLWR
/DYUDV 0* H FRUUHODo}HV HQWUH D GLVWULEXLomR GDV HVSpFLHV H YDULiYHLV
DPELHQWDLV$FWD%RWDQLFD%UDVLOLFD
'LDV1HWR2&6FKLDYLQL,/RSHV6)9DOH96*XVVRQ$(2OLYHLUD$3
(VWUXWXUD ILWRVVRFLROyJLFD H JUXSRV HFROyJLFRV HP IUDJPHQWR GH )ORUHVWD
(VWDFLRQDO6HPLGHFLGXDO8EHUDED0LQDV*HUDLV%UDVLO5RGULJXpVLD

'XULJDQ * 5RGULJXHV 55 6FKLDYLQL ,  $ KHWHURJHQHLGDGH DPELHQWDO
GHILQLQGR D PHWRGRORJLD GH DPRVWUDJHP GD IORUHVWD FLOLDU ,Q 5RGULJXHV 55
/HLWmR)LOKR+)HGV0DWDVFLOLDUHVFRQVHUYDomRHUHFXSHUDomR('8636mR
3DXORSS
(ZHUV50'LGKDP5.&RQIRXQGLQJIDFWRUVLQWKHGHWHFWLRQRIVSHFLHV
UHVSRQVHVWRKDELWDWIUDJPHQWDWLRQ%LRORJLFDO5HYLHZV±
)DKULJ/(IIHFWVRIKDELWDWIUDJPHQWDWLRQRQELRGLYHUVLW\$QQXDO5HYLHZ
RI(FRORJ\(YROXWLRQDQG6\VWHPDWLFV±
)DKULJ / %DXGU\ - %URWRQV / %XUHO )* &ULVW 72 HW DO  )XQFWLRQDO
ODQGVFDSH KHWHURJHQHLW\ DQG DQLPDO ELRGLYHUVLW\ LQ DJULFXOWXUDO ODQGVFDSHV
(FRORJ\/HWWHUV±
*LEVRQ / /HH70.RK /3HW DO 3ULPDU\ IRUHVWV DUH LUUHSODFHDEOH IRU
VXVWDLQLQJWURSLFDOELRGLYHUVLW\1DWXUH±
*XDUDWLQL 07* *RPHV (3& 7DPDVKLUR -< 5RGULJXHV 55 
&RPSRVLomRIORUtVWLFDGD5HVHUYD0XQLFLSDOGH6DQWD*HQHEUD&DPSLQDV63
5HYLVWD%UDVLOHLUDGH%RWkQLFD
+HUQiQGH]5XHGDV0$ $UUR\R5RGUtJXH] 9 0HDYH -$ 0DUWtQH]5DPRV0




,EDUUD0DQUtTXH] * 0DUWtQH] ( 0HOR )3/ 6DQWRV %$  &RQVHUYLQJ
WURSLFDO WUHH GLYHUVLW\ DQG IRUHVW VWUXFWXUH WKH HFRORJLFDO YDOXH RI VPDOO
UDLQIRUHVWSDWFKHVLQPRGHUDWHO\PDQDJHGODQGVFDSHV3/R621(H
+HUQiQGH]5XHGDV0$$UUR\R5RGUtJXH]90HDYH -$0DUWtQH]5DPRV0
,EDUUD0DQUtTXH]*0DUWtQH](-DPDQJDSp*0HOR)3/6DQWRV%$
&RQVHUYLQJ WURSLFDO WUHH GLYHUVLW\ DQG IRUHVW VWUXFWXUH WKH HFRORJLFDO YDOXH RI
VPDOO UDLQIRUHVW SDWFKHV LQ PRGHUDWHO\PDQDJHG ODQGVFDSHV 3/R6 21( 
H
+XWFKLQJV 0-  7KH VWUXFWXUH RI SODQW SRSXODWLRQV ,Q &UDZOH\ 0-
HG3ODQWHFRORJ\%ODFNZHOO6FLHQFH/RQGRQSS
-RO\&$0HW]JHU-37DEDUHOOL0([SHULHQFHVIURPWKH%UD]LOLDQ$WODQWLF
)RUHVW HFRORJLFDO ILQGLQJV DQG FRQVHUYDWLRQ LQLWLDWLYHV 1HZ 3K\WRORJLVW GRL
QSK
/DXUDQFH :) $ORQVR $ /HH 0 &DPSEHOO 3  &KDOOHQJHV IRU IRUHVW
FRQVHUYDWLRQLQ*DERQFHQWUDO$IULFD)XWXUHV±
/DXUDQFH:)&DPDUJR-/&/XL]mR5&&/DXUDQFH6*3LPP6/%UXQD(0
6WRXIIHU 3&:LOOLDPVRQ *% %HQtWH]0DOYLGR - 9DVFRQFHORV +/  7KH
IDWH RI $PD]RQLDQ IRUHVW IUDJPHQWV D \HDU LQYHVWLJDWLRQ %LRORJLFDO
&RQVHUYDWLRQ±
/DXUDQFH:)1DVFLPHQWR+(0/DXUDQFH6*$QGUDGH$(ZHUV50+DUPV
.( HW DO  +DELWDW IUDJPHQWDWLRQ YDULDEOH HGJH HIIHFWV DQG WKH
ODQGVFDSHGLYHUJHQFHK\SRWKHVLV3/R621(H
0DJXUUDQ$(0HDVXULQJELRORJLFDOGLYHUVLW\%ODFNZHOO2[IRUG
0DUDJRQ /& 6RDUHV -- )HOLFLDQR$/3  )ORUtVWLFD DUEyUHD GD0DWD GD
3HGUHLUDPXQLFtSLRGH9LoRVD0LQDV*HUDLV5HYLVWDÈUYRUH




0DUDQJRQ/&)HOLFLDQR$/3%UDQGmR&)/$OYHV-XQLRU)75HODo}HV
IORUtVWLFDV HVWUXWXUD GLDPpWULFD H KLSVRPpWULFD GH XP IUDJPHQWR GH IORUHVWD
HVWDFLRQDOVHPLGHFLGXDOHP9LoRVD0*)ORUHVWD
0DUWLQH]5DPRV0$OYDUH]%X\OOD(5 +RZROGDUH WURSLFDO UDLQ IRUHVW
WUHHV"7UHQGVLQ3ODQW6FLHQFH
0DUWLQV 69 5RGULJXHV 55  $VVHVVLQJ WKH UROH RI WKH FDQRS\ JDS
FKDUDFWHULVWLFV LQ WKH UHJHQHUDWLRQ RI VKUXE DQG WUHH VSHFLHV LQ D
6HPLGHFLGXRXV 0HVRSK\WLF )RUHVW LQ 6RXWK(DVWHUQ %UD]LO ,Q %XUN $5
HG1HZ 5HVHDUFK RQ )RUHVW (FRV\VWHPV 1RYD 6FLHQFH 3XEOLVKHUV 1HZ
<RUNSS
0HLUD1HWR -$$ 0DUWLQV )5  (VWUXWXUD GR VXEERVTXH KHUEiFHR
DUEXVWLYR GD PDWD GD VLOYLFXOWXUD XPD IORUHVWD HVWDFLRQDO VHPLGHFLGXDO QR
PXQLFtSLRGH9LoRVD0*5HYLVWDÈUYRUH
0HLUD1HWR -$$ 0DUWLQV )  &RPSRVLomR IORUtVWLFD GH XPD IORUHVWD
HVWDFLRQDO 6HPLGHFLGXDO 0RQWDQD QR PXQLFtSLR GH 9LoRVD  0*5HYLVWD
ÈUYRUH
0HLUD1HWR -$$ 0DUWLQV )5  (VWUXWXUD GD 0DWD GD 6LOYLFXOWXUD XPD
IORUHVWDHVWDFLRQDOVHPLGHFLGXDOPRQWDQDQRPXQLFtSLRGH9LoRVD0*5HYLVWD
ÈUYRUH
0HOR )3/ $UUR\R5RGUÕJXH] 9 )DKULJ / 0DUWÕQH]5DPRV 0 7DEDUHOOL 0
 2Q WKH KRSH IRU ELRGLYHUVLW\IULHQGO\ WURSLFDO ODQGVFDSHV 7UHQGV LQ
(FRORJ\DQG(YROXWLRQ±
0HVTXLWD 5&* 'HODPRQLFD 3 /DXUDQFH :)  (IIHFW RI VXUURXQGLQJ
YHJHWDWLRQ RQ HGJHUHODWHG WUHH PRUWDOLW\ LQ $PD]RQLDQ IRUHVW IUDJPHQWV
%LRORJLFDO&RQVHUYDWLRQ




1HYHV*063HL[RWR$/)ORUtVWLFDHHVWUXWXUDGDFRPXQLGDGHDUEXVWLYR
DUEyUHD GH GRLV UHPDQHVFHQWHV HP UHJHQHUDomR GH IORUHVWD DWOkQWLFD
VHFXQGiULD QD 5HVHUYD %LROyJLFD GH 3RoRV GDV $QWDV 6LOYD -DUGLP 5LR GH
-DQHLUR,QVWLWXWR$QFKLHWDQRGH3HVTXLVD6mR/HRSROGRSS
1XQHV <5) 0HQGLQoD $95 %RWH]HOOL / 0DFKDGR (/0 2OLYHLUD)LOKR $7
 9DULDo}HV GD ILVLRQRPLD GLYHUVLGDGH H FRPSRVLomR GH JXLOGDV GD
FRPXQLGDGH DUEyUHD HP XP IUDJPHQWR GH IORUHVWD VHPLGHFLGXDO HP /DYUDV
0*$FWD%RWDQLFD%UDVLOLFD
2OGHQ-'3RII1/7RZDUGDPHFKDQLVWLFXQGHUVWDQGLQJDQGSUHGLFWLRQ
RIELRWLFKRPRJHQL]DWLRQ$PHULFDQ1DWXUDOLVW±
2OLYHLUD)LOKR$7)RQWHV0$/3DWWHUQVRIIORULVWLFGLIIHUHQWLDWLRQDPRQJ
$WODQWLF)RUHVWVLQ6RXWKHDVWHUQ%UD]LODQGWKHLQIOXHQFHRIFOLPDWH%LRWURSLFD

2OLYHLUD±)LOKR$70DFKDGR-10&RPSRVLomRIORUtVWLFDGHXPDIORUHVWD
VHPLGHFtGXDPRQWDQDQD6HUUDGH6mR -RVp7LUDGHQWHV0LQDV*HUDLV$FWD
%RWDQLFD%UDVLOLFD
2OLYHLUD0$*ULOOR$67DEDUHOOL0)RUHVWHGJHLQWKH%UD]LOLDQ$WODQWLF
IRUHVWGUDVWLFFKDQJHVLQWUHHVSHFLHVDVVHPEODJHV2U\[
2OLYHLUD)LOKR$79LOHOD($*DYLODQWHV0/&DUYDOKR'$&RPSDULVRQRI
WKH ZRRG\ IORUD DQG VRLOV RI VL[ DUHDV RI PRQWDQH VHPLGHFLGXRXV IRUHVW LQ
VRXWKHUQ0LQDV*HUDLV%UD]LO(GLQEXUJK-RXUQDORI%RWDQ\
2OLYHLUD)LOKR$7&DUYDOKR'$9LOHOD($&XUL1)RQWHV0$/'LYHUVLW\
DQGVWUXFWXUHRI WUHHFRPPXQLW\RID IUDJPHQWRI WURSLFDO VHFRQGDU\)RUHVWRI
%UD]LOLDQ $WODQWLF )RUHVW GRPDLQ  DQG  \HDUV DIWHU ORJJLQJ 5HYLVWD
EUDVLOHLUDGH%RWkQLFD




2OLYHWWL ' 0LQFDWR 5/ $\HU -(% 6LOYD 0/1 &XUL 1  0RGHODJHP
HVSDFLDO H WHPSRUDO GD HURVmR KtGULFD HP /DWRVVROR YHUPHOKR GLVWUyILFR FRP
XVRDJURSHFXiULRQXPDVXEEDFLDKLGURJUiILFDGRVXOGH0LQDV*HUDLV&LrQFLD
H$JURWHFQRORJLD
3DUGLQL 5 %XHQR $$*DUGQHU 7$ 3UDGR 3,0HW]JHU -3  %H\RQG WKH
IUDJPHQWDWLRQ WKUHVKROG K\SRWKHVLV UHJLPH VKLIWV LQ ELRGLYHUVLW\ DFURVV
IUDJPHQWHGODQGVFDSHV3/R621(H
3DUWKDVDUDWK\ 1  7UHH GLYHUVLW\ DQG GLVWULEXWLRQ LQ XQGLVWXUEHG DQG
KXPDQLPSDFWHG VLWHV RI WURSLFDO ZHW HYHUJUHHQ IRUHVW LQ VRXWKHUQ :HVWHUQ
*KDWV,QGLD%LRGLYHUVLW\DQG&RQVHUYDWLRQ
3HGUDOOL * )UHLWDV 9/2 0H\HU 67 7HL[HLUD 0&% *RQoDOYHV $36 
/HYDQWDPHQWRIORUtVWLFRQD(VWDomR(FROyJLFDGR7ULSXt2XUR3UHWR0*$FWD
%RWkQLFD%UDVtOLFD
3HUIHFWR,9DQGHUPHHU- %LRGLYHUVLW\ FRQVHUYDWLRQ LQ WURSLFDO
DJURHFRV\VWHPV D QHZ FRQVHUYDWLRQ SDUDGLJP<HDU (FRORJ\ DQG
&RQVHUYDWLRQ%LRORJ\±
3HUIHFWR,9DQGHUPHHU-7KHDJURHFRORJLFDOPDWUL[DVDOWHUQDWLYHWRWKH
ODQGVSDULQJDJULFXOWXUHLQWHQVLILFDWLRQPRGHO31$6±
3LQWR6,& 0DUWLQV69%DUURVRV1)'LDV+&.XQ]6+  ,QIOXHQFH RI
HQYLURQPHQWDO YDULDEOHV RQ WKH VKUXE DQG WUHH VSHFLHV GLVWULEXWLRQ LQ WZR
6HPLGHFLGXRXV)RUHVWVLWHVLQ9LoRVD0LQDV*HUDLV%UD]LO5HYLVWDGH%LRORJtD
7URSLFDO
3LWPDQ1&$7HUERUJK-:0LOHV56LOPDQ3191HLO'$&HURQ&(3DODFLRV
:$ $XOHVWLD 0  'RPLQDQFH DQG GLVWULEXWLRQ RI WUHH VSHFLHV LQ XSSHU
$PD]RQLDQWHUUDILUPHIRUHVWV(FRORJ\




5LEDV &5 6FKRHUHGHU -+ 3LF 0 6RDUHV 60  7UHH KHWHURJHQHLW\
UHVRXUFHDYDLODELOLW\DQGODUJHUVFDOHSURFHVVHVUHJXODWLQJDUERUHDODQWVSHFLHV
ULFKQHVV$XVWUDO(FRORJ\
6DOOHV-&6FKLDYLQL,(VWUXWXUDHFRPSRVLomRGRHVWUDWRGHUHJHQHUDomR
HP XP IUDJPHQWR IORUHVWDO XUEDQR LPSOLFDo}HV SDUD D GLQkPLFD H D
FRQVHUYDomRGDFRPXQLGDGHDUEyUHD$FWD%RWDQLFD%UDVLOLFD
6DQWRV %$ 3HUHV &$ 2OLYHLUD 0$ *ULOOR $ $OYHV&RVWD &3 HW DO 
'UDVWLF HURVLRQ LQ IXQFWLRQDO DWWULEXWHV RI WUHH DVVHPEODJHV LQ $WODQWLF IRUHVW
IUDJPHQWVRIQRUWKHDVWHUQ%UD]LO%LRORJLFDO&RQVHUYDWLRQ±
6DQWRV . .LQRVKLWD /6 6DQWRV )$0  7UHH VSHFLHV FRPSRVLWLRQ DQG
VLPLODULW\ LQ VHPLGHFLGXRXV IRUHVW IUDJPHQWV RI VRXWKHUQ %UD]LO %LRORJLFDO
&RQVHUYDWLRQ±
6KHSKHUG*-),723$&)LOH9HUVLRQ81,&$03&DPSLQDV
6LOYD-0&7DEDUHOOL07UHHVSHFLHVLPSRYHULVKPHQWDQGWKHIXWXUHIORUD
RIWKH$WODQWLFIRUHVWRIQRUWKHDVW%UD]LO1DWXUH
6RX]D -6 (VSLULWR6DQWR )'% )RQWHV 0 $/  $QiOLVH GDV YDULDo}HV
IORUtVWLFDV H HVWUXWXUDLV GD FRPXQLGDGH DUEyUHD GH XP IUDJPHQWR GH IORUHVWD
VHPLGHFLGXD DVPDUJHQV GR ULR&DSLYDUL /DYUDV0*5HYLVWDÈUYRUH 

6SyVLWR 7& 6WHKPDQQ -5  +HWHURJHQHLGDGH IORUtVWLFD H HVWUXWXUDO GH
UHPDQHVFHQWHV IORUHVWDLV GD iUHD GH SURWHomR DPELHQWDO DR VXO GD UHJLmR
PHWURSROLWDQDGH%HOR+RUL]RQWH $3$6XO50%+0LQDV*HUDLV%UDVLO$FWD
%RWDQLFD%UDVLOLFD
8KO&0XUSK\3*&RPSRVLWLRQVWUXFWXUHDQGUHJHQHUDWLRQRIDWLHUUD
ILUPHIRUHVWLQWKH$PD]RQ%DVLQRI9HQH]XHOD7URSLFDO(FRORJ\




9DQ 'HQ %HUJ ( 2OLYHLUD)LOKR $7  &RPSRVLomR IORUtVWLFD H HVWUXWXUD
ILWRVVRFLROyJLFD GH XPD IORUHVWD ULSiULD HP ,WXWLQJD 0* H FRPSDUDomR FRP
RXWUDViUHDV5HYLVWD%UDVLOHLUDGH%RWkQLFD
:HLQHU-6ROEULJ277KHPHDQLQJDQGPHDVXUHPHQWRIVL]HKLHUDUFKLHV
LQSODQWSRSXODWLRQV2HFRORJLD
:HUQHFN063HGUDOOL*.RHQLJ5*LHVHNH/))ORUtVWLFDHHVWUXWXUDGH
WUrVWUHFKRVGHXPDIORUHVWDVHPLGHFtGXDQD(VWDomR(FROyJLFDGR7ULSXt2XUR
3UHWR0*5HYLVWD%UDVLOHLUDGH%RWkQLFD
=DU-+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2QOLQH5HVRXUFH3K\WRVRFLRORJLFDOSDUDPHWHUVRIWUHHVSHFLHVZLWK'$3!FP
VDPSOHG LQQLQHVLWHVRIVHDVRQDOVHPLGHFLGXRXV IRUHVWRIVRXWKHDVWHUQ%UD]LO1 
QXPEHU RI LQGLYLGXDOV $'  DEVROXWH GHQVLW\ 5'  UHODWLYH GHQVLW\ $)  DEVROXWH
IUHTXHQF\ 5)  UHODWLYH IUHTXHQF\ $'R   DEVROXWH GRPLQDQFH 5'R   UHODWLYH
GRPLQDQFHDQG,9, HFRORJLFDOYDOXHRILPSRUWDQFH
6SHFLHV 1 $' 5' $) 5) $'R 5'R ,9,
Copaifera langsdorffii Desf.        
Ocotea odorifera (Vell.) Rohwer        
Cryptocarya aschersoniana Mez        
Metrodorea stipularis Mart.        
Miconia willdenowii Klotzsch ex Naudin        
Trichilia emarginata (Turcz.) C.DC.        
Croton floribundus Spreng.        
Ficus trigona L.f.        
Duguetia lanceolata A.St.-Hil.        
Casearia sylvestris Sw.        
Mabea fistulifera Mart.        
Mollinedia widgrenii A.DC.        
Ocotea corymbosa (Meisn.) Mez        
Ficus gomelleira Kunth & C.D.Bouché        
Ixora brevifolia Benth.        
Eugenia acutata Miq.        
Platycyamus regnellii Benth.        
Amaioua guianensis Aubl.        
Trichilia catigua A.Juss.        
Myrcia splendens (Sw.) DC.        
Cupania vernalis Cambess.        
Machaerium villosum Vogel        
Trichilia clausseni C.DC.        
Calyptranthes clusiifolia O.Berg        
Protium widgrenii Engl.        
Syagrus romanzoffiana (Cham.) 
Glassman 
       
Luehea candicans Mart. & Zucc.        
Pera glabrata (Schott) Poepp. ex Baill.        
Maprounea guianensis Aubl.        
Croton rugosus Spreng.        
Nectandra grandiflora Nees        
Casearia obliqua Spreng.        
Piptocarpha macropoda (DC.) Baker        
Vernonanthura divaricata (Spreng.) 
H.Rob. 
       
Peltophorum dubium (Spreng.) Taub.        
Eugenia florida DC.        
Casearia decandra Jacq.        
Xylopia brasiliensis Spreng.        
Siphoneugena densiflora O.Berg        
Casearia arborea (Rich.) Urb.        
Trichilia pallida Sw.        
Urera baccifera (L.) Gaudich. ex Wedd.        
Machaerium nyctitans (Vell.) Benth.        
Tapirira guianensis Aubl.        



Guatteria australis A.St.-Hil.        
Astronium graveolens Jacq.        
Annona sylvatica A.St.-Hil.        
Inga vera Willd.        
Ilex paraguariensis A.St.-Hil.        
Protium heptaphyllum (Aubl.) Marchand        
Cabralea canjerana (Vell.) Mart.        
Cedrela fissilis Vell.        
Zanthoxylum rhoifolium Lam.        
Astronium fraxinifolium Schott        
Tapirira obtusa (Benth.) J.D.Mitch.        
Ocotea diospyrifolia (Meisn.) Mez        
Byrsonima crassifolia (L.) Kunth        
Ocotea pulchella (Nees & Mart.) Mez        
Trichilia elegans A.Juss.        
Matayba juglandifolia (Cambess.) Radlk.        
Dalbergia villosa (Benth.) Benth.        
Machaerium brasiliense Vogel        
Piptadenia gonoacantha (Mart.) 
J.F.Macbr. 
       
Marlierea racemosa (Vell.) Kiaersk.        
Aniba firmula (Nees & Mart.) Mez        
Protium spruceanum (Benth.) Engl.        
Cordia sellowiana Cham.        
Casearia lasiophylla Eichler        
Endlicheria paniculata (Spreng.) 
J.F.Macbr. 
       
Persea willdenowii Kosterm.        
Ficus cyclophylla (Miq.) Miq.        
Eugenia leitonii ined.        
Tachigali rugosa (Mart. ex Benth.) 
Zarucchi & Pipoly 
       
Machaerium stipitatum Vogel        
Platypodium elegans Vogel        
Prunus myrtifolia (L.) Urb.        
Annona cacans Warm.        
Sebastiania commersoniana (Baill.) 
L.B.Sm. & Downs 
       
Senna macranthera (DC. ex Collad.) 
H.S.Irwin & Barneby 
       
Senegalia polyphylla (DC.) Britton & Rose        
Alchornea glandulosa Poepp. & Endl.        
Lamanonia ternata Vell.        
Terminalia glabrescens Mart.        
Eugenia sonderiana DC.        
Casearia mariquitensis Kunth        
Luehea grandiflora Mart. & Zucc.        
Cecropia pachystachya Trécul        
Apuleia leiocarpa (Vogel) J.F.Macbr.        
Nectandra oppositifolia Nees        
Agonandra excelsa Griseb.        
Dendropanax cuneatus (DC.) Decne. & 
Planch. 
       
Bauhinia longifolia (Bong.) Steud.        
Vismia guianensis (Aubl.) Choisy        
Acacia polyphylla DC.        
Ocotea minarum (Nees & Mart.) Mez        
Albizia polycephala (Benth.) Killip ex 
Record 
       
Zanthoxylum monogynum A.St.-Hil.        



Matayba guianensis Aubl.        
Guarea kunthiana A.Juss.        
Blepharocalyx salicifolius (Kunth) O.Berg        
Faramea latifolia (Cham. & Schltdl.) DC.        
Persea major L.E.Kopp        
Tibouchina arborea (Gardner) Cogn.        
Jacaranda macrantha Cham.        
Ilex cerasifolia Reissek        
Guazuma ulmifolia Lam.        
Callisthene major Mart. & Zucc.        
Aspidosperma dispermum Müll.Arg.        
Vitex polygama Cham.        
Chrysophyllum gonocarpum (Mart. & 
Eichler ex Miq.) Engl. 
       
Miconia pepericarpa DC.        
Vochysia magnifica Warm.        
Roupala montana Aubl.        
Inga marginata Willd.        
Calyptranthes brasiliensis Spreng.        
Euterpe edulis Mart.        
Campomanesia simulans M.L.Kawas.        
Hippocratea volubilis L.        
Mabea pohliana (Benth.) Müll. Arg.        
Aspidosperma spruceanum Benth. ex 
Müll.Arg. 
       
Coutarea hexandra (Jacq.) K.Schum.        
Ficus enormis Mart. ex Miq.        
Diatenopteryx sorbifolia Radlk.        
Ficus adhatodifolia Schott ex Spreng.        
Eugenia dodonaeifolia Cambess.        
Cordiera sessilis (Vell.) Kuntze        
Cecropia glaziovii Snethl.        
Myrsine umbellata Mart.        
Eugenia widgrenii Sond. ex O.Berg        
Zanthoxylum riedelianum Engl.        
Celtis brasiliensis (Gardner) Planch.        
Aspidosperma olivaceum Müll.Arg.        
Aegiphila sellowiana Cham.        
Byrsonima laxiflora Griseb.        
Andira ormosioides Benth.        
Trichilia casaretti C.DC.        
Citronella paniculata (Mart.) R.A.Howard        
Casearia gossypiosperma Briq.        
Aspidosperma discolor A.DC.        
Aiouea saligna Meisn.        
Myrcia hebepetala DC.        
Cordiera elliptica (Cham.) Kuntze        
Inga cylindrica (Vell.) Mart.        
Chrysophyllum marginatum (Hook. & 
Arn.) Radlk. 
       
Mabea piriri Aubl.        
Salacia elliptica (Mart. ex Schult.) G.Don        
Eugenia blastantha (O.Berg) D.Legrand        
Calyptranthes widgreniana O.Berg        
Styrax latifolius Pohl        
Croton salutaris Casar.        
Enterolobium contortisiliquum (Vell.) 
Morong 
       
Aniba canelilla (Kunth) Mez        
Aspidosperma cylindrocarpon Mull. Arg.        



Eugenia involucrata DC.        
Guarea macrophylla Vahl        
Lecythis pisonis Cambess.        
Lithrea molleoides (Vell.) Engl.        
Maytenus robusta Reissek        
Ocotea brachybotrya (Meisn.) Mez        
Faramea nigrescens Mart.        
Metrodorea nigra A.St.-Hil.        
Solanum leucodendron Sendtn.        
Rhamnidium elaeocarpum Reissek        
Alchornea triplinervia (Spreng.) Müll.Arg.        
Tachigali denudata (Vogel) Oliveira-Filho        
Maclura tinctoria (L.) D.Don ex Steud.        
Myrcia venulosa DC.        
Bauhinia rufa (Bong.) Steud.        
Handroanthus serratifolius (Vahl) 
S.O.Grose 
       
Machaerium hirtum (Vell.) Stellfeld        
Machaerium dimorphandrum Hoehne        
Trichilia pallens C.DC.        
Matayba elaeagnoides Radlk.        
Eugenia revoluta Griseb.        
Vochysia tucanorum Mart.        
Allophylus racemosus Sw.        
Diospyros burchellii Hiern        
Ocotea laxa (Nees) Mez        
Myrciaria floribunda (H.West ex Willd.) 
O.Berg 
       
Ficus guaranitica Chodat        
Ocotea bicolor Vattimo-Gil.        
Psidium rufum Mart. ex DC.        
Qualea cryptantha (Spreng.) Warm.        
Symplocos pubescens Klotzsch ex Benth.        
Sorocea bonplandii (Baill.) W.C.Burger et 
al. 
       
Eugenia uniflora L.        
Ficus pertusa L.f.        
Cheiloclinium serratum (Cambess.) 
A.C.Sm. 
       
Aralia excelsa (Griseb.) J.Wen        
Jacaratia spinosa (Aubl.) A.DC.        
Senna multijuga (Rich.) H.S.Irwin & 
Barneby 
       
Guarea guidonia (L.) Sleumer        
Hymenaea courbaril L.        
Styrax pohlii A.DC.        
Persea rufotomentosa Nees & Mart. ex 
Nees 
       
Myrsine guianensis (Aubl.) Kuntze        
Annona emarginata (Schltdl.) H.Rainer        
Aspidosperma parvifolium A.DC.        
Cordiera concolor (Cham.) Kuntze        
Miconia paulensis Naudin        
Connarus regnellii G.Schellenb.        
Sapium glandulatum (Vell.) Pax        
Ouratea semiserrata (Mart. & Nees) Engl.        
Cupania zanthoxyloides Radlk.        
Cryptocarya moschata Nees & Mart. ex 
Nees 
       





2QOLQH5HVRXUFH6SHFLHVDFFXPXODWLRQFXUYHGHVLJQHGE\%RRWVWUDSHVWLPDWRUIRU
WKHQLQHVLWHVRI VHDVRQDO VHPLGHFLGXRXV IRUHVW LQ VRXWKHDVWHUQ%UD]LO*UD\ OLQHV
6SHFLHVZLWK'$3FP%ODFN OLQHV6SHFLHVZLWK'$3!FP'DVKHG OLQH
VWDQGDUGGHYLDWLRQ
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2QOLQH5HVRXUFH6SHFLHVVDPSOHGLQQLQHVLWHVRIVHDVRQDOVHPLGHFLGXRXVIRUHVW
RI VRXWKHDVWHUQ %UD]LO ZKLFK DUH HQGDQJHUHG 98 9XOQHUDEOH ,' ,Q GDQJHU )
)UHTXHQF\$$EXQGDQFH$77RWDO$EXQGDQFH
)DPLOLHV6SHFLHV %UDVLO 0LQDV*HUDLV )!FP )FP $!FP $FP $7
$UHFDFHDH       
Euterpe edulis 98      
/DXUDFHDH       
Ocotea odorifera ,' 98     
Persea rufotomentosa 98     
/HF\WKLGDFHDH       
Cariniana legalis ,'      
0HOLDFHDH       
Cedrela fissilis 98      
0RUDFHDH       
Ficus cyclophylla 98      
0\UWDFHDH       
Eugenia malacantha ,'      
Myrcia diaphana 98      
5XELDFHDH       
Rudgea jasminoides 98      
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2QOLQH 5HVRXUFH  /RUHQ] FXUYH IRU KHLJKW *  &, WR H GLDPHWHU
*  ,&  WR  RI LQGLYLGXDOVZLWK'$3 FP VDPSOHG LQ QLQH VLWHV RI
VHDVRQDOVHPLGHFLGXRXVIRUHVWRIVRXWKHDVWHUQ%UD]LO
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2QOLQH5HVRXUFH3K\WRVRFLRORJLFDOSDUDPHWHUVRIWUHHVSHFLHVZLWK'$3FP
VDPSOHG LQQLQHVLWHVRIVHDVRQDOVHPLGHFLGXRXV IRUHVWRIVRXWKHDVWHUQ%UD]LO1 
QXPEHU RI LQGLYLGXDOV $'  DEVROXWH GHQVLW\ 5'  UHODWLYH GHQVLW\ $)  DEVROXWH
IUHTXHQF\ 5)  UHODWLYH IUHTXHQF\ $'R   DEVROXWH GRPLQDQFH 5'R   UHODWLYH
GRPLQDQFHDQG,9, HFRORJLFDOYDOXHRILPSRUWDQFH
6SHFLHV 1 $' 5' $) 5) $'R 5'R ,9,
Siparuna guianensis Aubl.        
Psychotria vellosiana Benth.        
Trichilia emarginata (Turcz.) C.DC.        
Cupania zanthoxyloides Radlk.        
Ocotea odorifera (Vell.) Rohwer        
Metrodorea stipularis Mart.         
Trichilia pallida Sw.        
Ocotea corymbosa (Meisn.) Mez         
Amaioua guianensis Aubl.         
Trichilia clausseni C.DC.        
Eugenia acutata Miq.         
Myrcia splendens (Sw.) DC.  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       
Croton floribundus Spreng.        
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     
Miconia willdenowii Klotzsch ex Naudin         
Galipea jasminiflora (A.St.-Hil.) Engl.  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Psychotria hastisepala Müll.Arg.    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
Astronium fraxinifolium Schott   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Ilex paraguariensis A.St.-Hil.         
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Endlicheria paniculata (Spreng.) 
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Pera glabrata (Schott) Poepp. ex Baill. 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Dendropanax cuneatus (DC.) Decne. & 
Planch.
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Myrsine umbellata Mart.  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 
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Siphoneugena densiflora O.Berg  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Albizia polycephala (Benth.) Killip ex 
Record  
       
Casearia lasiophylla Eichler    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Chrysophyllum marginatum (Hook. & 
Arn.) Radlk. 
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Senna macranthera (DC. ex Collad.) 
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Eugenia leitonii ined.  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Piptadenia gonoacantha (Mart.) 
J.F.Macbr. 
       



Chrysophyllum gonocarpum (Mart. & 
Eichler ex Miq.) Engl. 
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Cordiera concolor (Cham.) Kuntze  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Ocotea diospyrifolia (Meisn.) Mez     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Sebastiania commersoniana (Baill.) 
L.B.Sm. & Downs 
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Solanum leucodendron Sendtn. 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Machaerium hirtum (Vell.) Stellfeld    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Guatteria australis A.St.-Hil.  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Guapira hirsuta (Choisy) Lundell  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Allophylus edulis (A.St.-Hil. et al.) 
Hieron. ex Niederl.  
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Myrciaria floribunda (H.West ex Willd.) 
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Ocotea pulchella (Nees & Mart.) Mez        
Piptocarpha macropoda (DC.) Baker        
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Jacaranda macrantha Cham.        
Rudgea jasminoides (Cham.) Müll.Arg. 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Schefflera calva (Cham.) Frodin & 
Fiaschi 
       



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Myrsine coriacea (Sw.) R.Br. ex Roem. & 
Schult.
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Strychnos brasiliensis Mart.   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Sorocea bonplandii (Baill.) W.C.Burger 
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Blepharocalyx salicifolius (Kunth) 
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Tachigali rugosa (Mart. ex Benth.) 
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Styrax latifolius Pohl        
Terminalia glabrescens Mart.        
Schefflera morototoni (Aubl.) Maguire et 
al.
       
Daphnopsis fasciculata (Meisn.) Nevling        
Trichilia pallens C.DC.        
Vernonanthura divaricata (Spreng.) 
H.Rob. 
       
Cybistax antisyphilitica (Mart.) Mart.        
Prockia crucis P.Browne ex L.        
Vismia guianensis (Aubl.) Choisy        
Machaerium brasiliense Vogel         



Psidium rufum Mart. ex DC.        
Siparuna brasiliensis (Spreng.) A.DC.        
Persea rufotomentosa Nees & Mart. ex 
Nees 
       
Vochysia magnifica Warm.        
Banara axilliflora Sleumer.        
Psychotria cephalantha (Müll.Arg.) 
Standl.
       
Anaxagorea dolichocarpa Sprague & 
Sandwith
       
Mabea piriri Aubl.        
Cecropia pachystachya Trécul         
Salacia elliptica (Mart. ex Schult.) G.Don        
Cariniana legalis (Mart.) Kuntze        
Campomanesia simulans M.L.Kawas.        
Annona glabra L.        
Sloanea monosperma Vell.        
Persea major L.E.Kopp        
Handroanthus serratifolius (Vahl) 
S.O.Grose 
       
Eriotheca candolleana (K.Schum.) 
A.Robyns  
       
Ficus cyclophylla (Miq.) Miq.         
Eugenia blastantha (O.Berg) D.Legrand         
Miconia urophylla DC.         
Maytenus ilicifolia Mart. ex Reissek        
Xylosma prockia (Turcz.) Turcz.        
Miconia cinerascens Miq.         
Aegiphila sellowiana Cham.         
Luehea divaricata Mart. & Zucc.        
Sebastiania brasiliensis Spreng.        
Tibouchina arborea (Gardner) Cogn.        
Luehea grandiflora Mart. & Zucc.        
Campomanesia xanthocarpa (Mart.) 
O.Berg 
       
Croton salutaris Casar.        
Qualea dichotoma (Mart.) Warm.        
Alseis floribunda Schott         
Diospyros inconstans Jacq.         
Andira fraxinifolia Benth.        
Casearia gossypiosperma Briq.         
Cordia trichotoma (Vell.) Arráb. ex 
Steud.
       
Syagrus romanzoffiana (Cham.) 
Glassman 
       
Euplassa organensis (Gardner) 
I.M.Johnst.
       
Clethra scabra Pers.        
Enterolobium contortisiliquum (Vell.) 
Morong  
       
Connarus regnellii G.Schellenb.        



Myrcia guianensis (Aubl.) DC.         
Callisthene major Mart. & Zucc.         
Bauhinia rufa (Bong.) Steud.         
Eugenia uniflora L.        
Ocotea elegans Mez         
Ocotea minarum (Nees & Mart.) Mez        
Qualea cryptantha (Spreng.) Warm.        
Guarea macrophylla Vahl        
Lafoensia glyptocarpa Koehne        
Psidium sartorianum (O.Berg) Nied.        
Ficus adhatodifolia Schott ex Spreng.        
Hippocratea volubilis L.         
Miconia cubatanensis Hoehne        
Solanum pseudoquina A.St.-Hil.        
Myrcia diaphana (O.Berg) N.Silveira         
Lamanonia ternata Vell.        
Daphnopsis utilis Warm.        
Agonandra excelsa Griseb.         
Ficus pertusa L.f.        
Jacaranda puberula Cham.        
Myrcia venulosa DC.         
Ficus arpazusa Casar.         
Myrcia pulchra (O.Berg) Kiaersk.        
Ilex sapotifolia Reissek         
Brunfelsia uniflora (Pohl.) D. Don        
Handroanthus ochraceus (Cham.) 
Mattos  
       
Miconia affinis DC.        
Manihot grahamii Hook.        
Miconia chartacea Triana         
Ouratea semiserrata (Mart. & Nees) 
Engl.
       
Aegiphila integrifolia (Jacq.) Moldenke        
Maclura tinctoria (L.) D.Don ex Steud.         
Siphoneugena reitzii D.Legrand        
Plinia cauliflora (Mart.) Kausel        
Annona cacans Warm.         
Aspidosperma dispermum Müll.Arg.         
Campomanesia guazumifolia 
(Cambess.) O.Berg  
       
Hortia arborea Engl.         
Machaerium acutifolium Vogel        
Calyptranthes grandiflora O.Berg         
Styrax pohlii A.DC.        
Luehea paniculata Mart. & Zucc.        
Casearia mariquitensis Kunth        
Duranta vestita Cham.        



Miconia pusilliflora (DC.) Naudin        
Myrcia tomentosa (Aubl.) DC.        
Ilex affinis Gardner         
Cariniana estrellensis (Raddi) Kuntze         
Eugenia involucrata DC.        
Cestrum laevigatum Schltdl.         
Chionanthus trichotomus (Vell.) 
P.S.Green
       
Psidium cattleianum Sabine        
Symplocos pubescens Klotzsch ex 
Benth. 
       
Erythroxylum citrifolium A.St.-Hil.        
Croton urucurana Baill.        
Rubus brasiliensis Mart.        
Celtis brasiliensis (Gardner) Planch.        
Celtis iguanaea (Jacq.) Sarg.         
Connarus rostratus (Vell.) L.B.Sm.        
Myrceugenia miersiana (Gardner) 
D.Legrand & Kausel  
       
Guettarda uruguensis Cham. & Schltdl.        
Maytenus salicifolia Reissek        
Randia armata (Sw.) DC.        
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$EVWUDFW
7KHIUDJPHQWDWLRQSURFHVVKDVPDQ\QHJDWLYHHIIHFWVRQFRPPXQLWLHVSDUWLFXODUO\IRUSODQWV
7KLVSURFHVVFDQJHQHUDWHWZRGLVWLQFWVFHQDULRVKRPRJHQL]DWLRQRIVSHFLHVFRPSRVLWLRQGXH
WRDVVHPEODJHQHVWHGQHVVRUIORUDGLIIHUHQWLDWLRQGXHWRVSDWLDOVSHFLHVWXUQRYHU7KHDLPRI
WKLVVWXG\ZDVWRDQVZHUWKHIROORZLQJD,VWKHWUHHFDQRS\DQGXQGHUVWRU\FRPPXQLW\RID
KLJKO\IUDJPHQWHGODQGVFDSHRIIRUHVWFRYHUWKHUHVXOWRIVSHFLHVQHVWHGQHVVRU
WXUQRYHU"E,VWKHSDWWHUQRIDGGLWLYHSDUWLWLRQLQJRIGLYHUVLW\VLPLODUEHWZHHQWKH
XQGHUVWRU\DQGFDQRS\WUHHFRPPXQLWLHV"DQGF$UHODQGVFDSHFKDUDFWHULVWLFVUHVSRQVLEOH
IRUGLYHUVLW\SDUWLWLRQLQJRIWKHWUHHDVVHPEODJH"7KHVWXGLHGDUHDKDVORZUHPDLQLQJIRUHVW
FRYHUDJHFDFDXVHGE\GHIRUHVWDWLRQWKDWVWDUWHGLQWKHWKFHQWXU\DQGDYHU\
KHWHURJHQHRXVPDWUL[DURXQGIRUHVWSDWFKHV:LWKLQWKLVODQGVFDSHFRQWH[WZHK\SRWKHVL]HG
WKDWWKHWUHHDVVHPEODJHERWKFDQRS\DQGXQGHUVWRU\VWUDWDLQWKHVWXGLHGIUDJPHQWVZRXOG
EHKRPRJHQHRXVDVDFRQVHTXHQFHRIDQHVWHGVXEVHW7KHVWXG\ZDVFDUULHGRXWLQ
QLQHIUDJPHQWVRIVXEPRQWDQHVHPLGHFLGXRXV$WODQWLF)RUHVW$OOLQGLYLGXDOVZLWKDKHLJKW!
PLQPSORWVLQHDFKVWXGLHGIUDJPHQWZHUHVDPSOHGPHDVXUHGDQGGLYLGHGLQWRWZR
VWUDWDFDQRS\DQGXQGHUVWRU\LQGLYLGXDOV7KHVWXG\IRXQGWKDWWKHKLJKEHWDGLYHUVLW\
DPRQJSORWVDQGDPRQJIUDJPHQWVLQERWKVWUDWDZDVGXHWRVSHFLHVWXUQRYHUDYRLGLQJ
VSHFLHVKRPRJHQL]DWLRQDQGWKDWWKHODQGVFDSHFKDUDFWHULVWLFVWHVWHGZHUHQRWUHVSRQVLEOH
IRUWKLVUHVXOW7KHVHIUDJPHQWVSUHVHQWPDQ\UDUHDQGH[FOXVLYHVSHFLHVDQGDUHQRW
GRPLQDWHGE\RQO\DIHZVSHFLHV,QWKLVVFHQDULRLWLVQHFHVVDU\WRFRQVHUYHDVPDQ\
IUDJPHQWVDVSRVVLEOHWRSURWHFWPRVWRIWUHHDVVHPEODJHEHFDXVHHDFKIUDJPHQWKDVDXQLTXH
VSHFLHVFRPSRVLWLRQ
.H\ZRUGV$OSKDGLYHUVLW\EHWDGLYHUVLW\IORUDGLIIHUHQWLDWLRQIORULVWLFKRPRJHQL]DWLRQ
ODQGVFDSHFRQWH[WQHVWHGQHVV 



,QWURGXFWLRQ
&XUUHQWO\PRVWRIWKHUHPDLQLQJIRUHVWVDUHORFDWHGLQKXPDQPRGLILHGODQGVFDSHV
DQGDUHVPDOOGLVFRQQHFWHGIUDJPHQWVLQDQWKURSRJHQLFPDWULFHV0HORHWDO7KH
IUDJPHQWDWLRQSURFHVVLVFRQVLGHUHGRQHRIWKHPDMRUWKUHDWVWRWURSLFDOELRGLYHUVLW\DQGPD\
FDXVHFKDQJHVLQWKHVWUXFWXUHDQGFRPSRVLWLRQRIFRPPXQLWLHVRYHUWLPH/DXUDQFHHWDO
IRUUHYLVLRQ)RUSODQWFRPPXQLWLHVIUDJPHQWDWLRQPD\JHQHUDWHWZRGLIIHUHQW
VFHQDULRVVSHFLHVKRPRJHQL]DWLRQE\QHVWHGQHVVRUIORULVWLFGLIIHUHQWLDWLRQE\VSHFLHV
WXUQRYHU%DVHOJD$UUR\R5RGUtJXH]HWDO+HUQiQGH]5XHGDVHWDO
1HVWHGQHVVRFFXUVZKHQFRPPXQLWLHVIURPSRRUVLWHVDUHVXEVHWVRIULFKHURQHVUHIOHFWLQJ
QRQUDQGRPH[WLQFWLRQ:KLOHVSDWLDOVSHFLHVWXUQRYHUUHIHUVWRWKHUHSODFHPHQWRIVRPH
VSHFLHVE\GLIIHUHQWRQHV&KDVHDQG0\HUVDQGLVDFRQVHTXHQFHRIHQYLURQPHQWDO
VRUWLQJRUVSDWLDODQGKLVWRULFDOFRQVWUDLQWV%DVHOJD
7KHKRPRJHQL]DWLRQK\SRWKHVLVSUHGLFWVWKDWIUDJPHQWVLQVHUWHGLQWKHVDPHPRGLILHG
KXPDQODQGVFDSHZLWKVLPLODUDELRWLFDQGELRWLFSUHVVXUHVHQYLURQPHQWDOFRQGLWLRQV
DQWKURSRJHQLFPDWUL[W\SHZLOOKDYHVLPLODUG\QDPLFVDQGWUDMHFWRU\RIVSHFLHVFRPSRVLWLRQ
FKDQJH/DXUDQFHHWDO6HQVLWLYHVSHFLHVZLOOEHH[WLQJXLVKHGORFDOO\DQGWKHJUHDWHU
WKHLPSDFWDQGVWUHVVRQWKHIUDJPHQWWKHPRUHVSHFLHVZLOOGLVDSSHDULQDQRUGHUO\ZD\
FUHDWLQJDQHVWHGFRPPXQLW\/DXUDQFHHWDO7KXVWKHVSHFLHVFRPSRVLWLRQLQOHVV
GLYHUVHIUDJPHQWVZLOOEHDVXEVHWRIWKHVSHFLHVFRPSRVLWLRQIURPWKHULFKHVWRQH:ULJKWHW
DO%DVHOJDDQGRYHUWLPHWKHIUDJPHQWVEHFRPHKRPRJHQHRXV2QWKH
FRQWUDU\IORULVWLFGLIIHUHQWLDWLRQRFFXUVLQIUDJPHQWVWKDWDUHVXIIHULQJIURPGLIIHUHQW
HQYLURQPHQWDOSUHVVXUHVDQGRULVORFDWHGLQDKHWHURJHQHRXVODQGVFDSH/DXUDQFHHWDO
,QWKLVVFHQDULRWKHLQLWLDOIORUDGLIIHUHQFHLVDPSOLILHGRYHUWLPHGXHWRGLIIHUHQFHVLQ
WKHGLVWXUEDQFHV/DXUHQFHHWDO7KHRULJLQDOKHWHURJHQHLW\FRPELQHGZLWKODQGVFDSH
KHWHURJHQHLW\DQGWKHGLIIHUHQWW\SHVRIGLVWXUEDQFHVJHQHUDWHFRPPXQLWLHVZLWKGLIIHUHQW



IORULVWLFFRPSRVLWLRQVLQHDFKUHPQDQWDQGFRQVHTXHQWO\QRQHVWHGFRPPXQLWLHV%DVHOJD
7KLVKHWHURJHQHLW\JHQHUDWHVG\QDPLFIUDJPHQWVZKHUHWKHUHLVQRRUGHUO\VSHFLHV
H[WLQFWLRQEXWDUHSODFHPHQWRIVRPHRULJLQDOVSHFLHVZLWKRWKHUVSHFLHV:ULJKWDQG5HHYHV
%DVHOJD
$UHFHQWVWXG\RIWURSLFDOODQGVFDSHVLQ0H[LFR$UUR\R5RGUtJXH]HWDOIRXQG
IORUDKRPRJHQL]DWLRQLQIUDJPHQWVLQDUHDVZLWKKLJKGHIRUHVWDWLRQOHYHOV7KHVHUHVXOWVSXW
LQWRTXHVWLRQWKHGLYHUVLW\PDLQWHQDQFHLQWKHVHDQWKURSRJHQLFODQGVFDSHVRYHUWLPH
+RZHYHURWKHUVWXGLHV6DQWRVHWDO+HUQiQGH]5XHGDVHWDOVKRZWKDWIORULVWLF
KRPRJHQL]DWLRQLVQRWDOZD\VSUHGRPLQDQWDQGWKDWVPDOOIUDJPHQWVLQVHUWHGLQPRGLILHG
KXPDQODQGVFDSHVFDQUHWDLQODUJHOHYHOVRIELRGLYHUVLW\7KHMXVWLILFDWLRQIRUWKHVHGLIIHUHQW
UHVXOWVLVWKDWWKHWUDMHFWRU\RIIUDJPHQWVLQVHUWHGLQKXPDQPRGLILHGODQGVFDSHVGHSHQGVRQ
PDQ\IDFWRUVVXFKDVDQWKURSRJHQLFPDWUL[W\SHIRUHVWFRYHUGLVWDQFHEHWZHHQIUDJPHQWV
GLVWXUEDQFHKLVWRU\DQGIUDJPHQWDWLRQDJH6DQWRVHWDO/DXUDQFHHWDO$UUR\R
5RGUtJXH]HWDO+HUQiQGH]5XHGDVHWDO7UHHDVVHPEODJHZLWKLQFORVH
IUDJPHQWVLQVHUWHGLQODQGVFDSHVZLWKKLJKIRUHVWFRYHUDJHDQGKHWHURJHQHRXVPDWULFHVKDYH
DKLJKHUFKDQFHRIH[FKDQJLQJSROOHQDQGVHHGV$QWRQJLRYDQQLDQG0HW]JHUDQGDUH
OHVVDIIHFWHGE\HGJHHIIHFW0HVTXLWDHWDO)RUWKHVHUHDVRQVWKH\DUHOHVVOLNHO\WR
EHFRPHKRPRJHQHRXVDQGKDYHKLJKFRQVHUYDWLRQHFRORJLFDOYDOXH+HUQiQGH]5XHGDVHWDO

$QHIILFLHQWZD\WRXQGHUVWDQGLQJWKHIORULVWLFKRPRJHQL]DWLRQDQGGLIIHUHQWLDWLRQ
SKHQRPHQDLVWKURXJKDGGLWLYHSDUWLWLRQLQJRIGLYHUVLW\/DXUDQFHHWDO%DVHOJD
)UDJPHQWVZLWKKRPRJHQL]HGFRPSRVLWLRQSUHVHQWORZEHWDGLYHUVLW\ERWKZLWKLQDQGDPRQJ
IUDJPHQWVZKLOHEHWDGLYHUVLW\LVKLJKDPRQJIUDJPHQWVZLWKIORULVWLFGLIIHUHQWLDWLRQ
/DXUDQFHHWDO$UUR\R5RGUtJXH]HWDO7KURXJKVWDWLVWLFDODQDO\VHVLWLVDOVR
SRVVLEOHDQGLPSRUWDQWWRGHFRPSRVHWKHEHWDGLYHUVLW\LQVSHFLHVQHVWLQJDQGWXUQRYHU



%DVHOJDEHFDXVHWKHFRQVHUYDWLRQLPSOLFDWLRQVIRUHDFKUHVXOWLVGLIIHUHQW,QQHVWHG
VXEVHWVFHQDULRVWKHLPSOLFDWLRQIRUFRQVHUYDWLRQLVWRSUHVHUYHWKHPRVWGLYHUVHIUDJPHQWV
VLQFHWKHUHPDLQLQJIUDJPHQWVDUHVPDOOHUVXEVHWVZLWKIHZHUPRUHWROHUDQWVSHFLHV:ULJKW
DQG5HHYHV/DXUHQFHHWDO)RUWKHIORULVWLFGLIIHUHQWLDWLRQVFHQDULRELRGLYHUVLW\
FRQVHUYDWLRQGHSHQGVRQSURWHFWLQJWKHODUJHVWSRVVLEOHQXPEHURIIUDJPHQWVEHFDXVHHDFK
RQHKDVDXQLTXHVSHFLHVFRPSRVLWLRQDQGLVWKHUHIRUHFRPSOHPHQWDU\WRWKHODQGVFDSH
JDPPDGLYHUVLW\:ULJKWDQG5HHYHV/DXUDQFHHWDO
7KHUHDUHIHZHPSLULFDOVWXGLHVWKDWKDYHTXDQWLILHGWKHVSDWLDOYDULDWLRQRIEHWD
GLYHUVLW\EDVHGRQWUHHQHVWLQJDQGWXUQRYHUFRPSRQHQWVWKHUHDUHWZRVWXGLHVDERXW
WHPSHUDWH(XURSHDQIRUHVWV%DHWHQHWDO.RXEDHWDODQGRQHDERXW$IULFDQ
FRDVWDOIRUHVWV2OLYLHUDQG$DUGH7KHSUHVHQWVWXG\LVWKHILUVWIRUWURSLFDOIRUHVW
IUDJPHQWV%HWDGLYHUVLW\HYHQPRUHWKDQDOSKDGLYHUVLW\JLYHVDEURDGHUYLHZRIUHJLRQDO
ELRGLYHUVLW\,QDGGLWLRQLWDOORZVFRQVHUYDWLRQVWDWXVKLJKEHWDGLYHUVLW\ZLWKLQIUDJPHQWV
DQGHQYLURQPHQWDOGLVWXUEDQFHORZEHWDGLYHUVLW\ZLWKLQIUDJPHQWVWREHDVVHVVHG&RQGLWHW
DO,QWKLVFRQWH[WWKHDLPRIWKLVVWXG\ZDVWRDSSO\WKHDGGLWLYHSDUWLWLRQLQJRI
GLYHUVLW\DVSURSRVHGE\/DXUDQFHHWDOLQVHPLGHFLGXRXVIRUHVWIUDJPHQWVE\
TXDQWLI\LQJWKHSURSRUWLRQRIWKHGLYHUVLW\WKDWUHVXOWHGIURPQHVWLQJDQGWXUQRYHUSURFHVVHV
RQDWUHHDVVHPEODJH%DVHOJD0RUHVSHFLILFDOO\ZHDVNHGWKHIROORZLQJTXHVWLRQV
D,VWKHSDWWHUQRIDGGLWLYHSDUWLWLRQLQJRIGLYHUVLW\RIWKHWUHHDVVHPEODJHVLPLODUEHWZHHQ
WKHXQGHUVWRU\DQGFDQRS\VWUDWD"E'LGWKHWUHHDVVHPEODJHSDWWHUQLQWKHFDQRS\DQG
XQGHUVWRU\VWUDWDUHVXOWIURPVSHFLHVQHVWLQJRUUHSODFHPHQWWXUQRYHU"F$UHODQGVFDSH
FKDUDFWHULVWLFVUHVSRQVLEOHIRUGLYHUVLW\SDUWLWLRQLQJRIWKHWUHHDVVHPEODJH"
7KHVWXGLHGDUHDKDVORZUHPDLQLQJIRUHVWFRYHUDJHFDFDXVHGE\GHIRUHVWDWLRQ
WKDWVWDUWHGLQWKHWKFHQWXU\DQGIRUHVWIUDJPHQWVVXUURXQGHGE\SDVWXUHaFRIIHH
DQGVXJDUFDQHaPDWULFHVVHH0HWKRGV:LWKLQWKLVODQGVFDSHFRQWH[WZH



K\SRWKHVL]HGWKDWWKHWUHHDVVHPEODJHERWKFDQRS\DQGXQGHUVWRU\VWUDWDLQWKHVWXGLHG
IUDJPHQWVZRXOGEHKRPRJHQHRXVDVDFRQVHTXHQFHRIDQHVWHGVXEVHW%DVHOJD
$UUR\R5RGUtJXH]HWDO+HUQiQGH]5XHGDVHWDO:HH[SHFWHGWKLVEHFDXVH
DUHDVZLWKORZIRUHVWFRYHULQYHU\GLVWXUEHGODQGVFDSHV/DXUHQFHHWDO$UUR\R
5RGUtJXH]HWDODUHPRUHOLNHO\WRVXIIHUIURPIORULVWLFKRPRJHQL]DWLRQ,QFRQWUDVW
ODQGVFDSHVZLWKKLJKIRUHVWFRYHUORZXUEDQL]DWLRQ+HUQiQGH]5XHGDVHWDODQGOLWWOH
PDQDJHPHQW6DQWRVHWDODUHDEOHWRPDLQWDLQKLJKGLYHUVLW\

0HWKRGV
Study area
7KHVWXG\ZDVFDUULHGRXWLQQLQHIUDJPHQWVLQ$OIHQDV0LQDV*HUDLV%UD]LO

6
:7DEOH:HFKRRVHWRZRUNZLWKRQO\RQHODQGVFDSHEHFDXVH
VWXGLHVUHSRUWWKDWSODQWVSHFLHVULFKQHVVLVPRUHVWURQJO\DIIHFWHGE\ORFDOPDQDJHPHQWDQG
ILHOGPDUJLQFRPSRVLWLRQDQGVWUXFWXUHWKDQE\WKHODQGVFDSH*DEULHOHWDO$DYLNHWDO
0DUVKDOO7KHGLVWDQFHDPRQJIUDJPHQWVUDQJHGIURPWRNP7KHVH
IUDJPHQWVSUHVHUYHUHPQDQWVRIVXEPRQWDQHVHPLGHFLGXRXV$WODQWLF)RUHVW7KHPRVW
GRPLQDQWIDPLOLHVLQWKHVHIUDJPHQWVDUH)DEDFHDH0\UWDFHDH/DXUDFHDH0HOLDFHDHDQG
(XSKRUELDFHDH7KHPRVWGRPLQDQWVSHFLHVDUHCopaifera langsdorffiiOcotea odorífera
Cryptocarya aschersonianaMetrodorea stipularisDQGMiconia willdenowii
7KHFOLPDWHLVFODVVLILHGDV&ZDZLWKDGU\ZLQWHUDQGWHPSHUDWHVXPPHUWKHDYHUDJH
WHPSHUDWXUHLV&LQWKHZLQWHUDQG&LQWKHVXPPHUDQGWKHDYHUDJHSUHFLSLWDWLRQ
LVPPLQWKHZLQWHUDQGPPLQWKHVXPPHU$OYDUHVHWDO7KHUHJLRQ
KDVHOHYDWLRQVUDQJLQJIURPWRPDQGDSUHGRPLQDQWO\XQGXODWLQJUHOLHIDVVRFLDWHG
ZLWKKLOOVDQGPRXQWDLQV7KHUHJLRQKDVRQO\DERXWQDWLYHIRUHVWKDELWDWDQGWKHPRVW
FRPPRQPDWUL[W\SHVDUHSDVWXUHVDQGSHUPDQHQWPDLQO\FRIIHHDQG



WHPSRUDU\PDLQO\VXJDUFDQHDQGFRUQFURSV2OLYHWWL7KHUHJLRQH[FHOOHGDVD
FRIIHHSURGXFHULQWKH;,;DQG;;FHQWXULHV+RZHYHULWZDVXVHGIRUWUDGLWLRQDO
DJURSDVWRUDOSUDFWLFHVLQWKH;9,,,DQGHDUO\;,;FHQWXULHV&DVWLOKR

Sample design 
7HQSORWVRI[PKDZHUHUDQGRPO\LQVWDOOHGLQHDFKIUDJPHQWVWXGLHG:H
VDPSOHGDQGPHDVXUHGZLWKLQHDFKSORWDOOLQGLYLGXDOVWDOOHUWKDQP:HGLYLGHGWKH
LQGLYLGXDOVLQWRWKHIROORZLQJWZRFODVVHVFDQRS\LQGLYLGXDOVWKRVHZLWKDGLDPHWHURIEUHDVW
KHLJKW'%+FPDQGXQGHUVWRU\LQGLYLGXDOVWKRVHZLWKD'%+FP:HNQHZWKDW
WKHUHZHUHPDQ\\RXQJWUHHVLQWKHXQGHUVWRU\FDWHJRU\WKDWZRXOGUHDFKWKHIRUHVWFDQRS\
ZKHQPDWXUHDVZHOODVWKDWWKHUHZHUHPDQ\WDOOPDWXUHVKUXEVLQWKHFDQRS\FDWHJRU\
+RZHYHUZHQDPHGWKHVHWZRFDWHJRULHVLQRUGHUWRIDFLOLWDWHWKHXQGHUVWDQGLQJRIWKH
UHDGHUV

Landscape composition and community attributes 
:HVHOHFWHGHLJKWIUDJPHQWVDQGPDGHDEXIIHURIPHWHUVDURXQGHDFKIUDJPHQW
:HVHOHFWHGWKLVEXIIHUVL]HEHFDXVHZHEHOLHYHWKDWWKHODQGVFDSHFRQILJXUDWLRQVXFKDV
PDWUL[W\SHDIIHFWVWKHHGJHHIIHFWWKHWUDQVLWLRQEHWZHHQIUDJPHQWVDQGDQWKURSRJHQLF
PDWUL[DQGDOVRDIIHFWVDQLPDOSROOLQDWRUVDQGVHHGGLVSHUVHUVRYHUODUJHUGLVWDQFHVZKLFK
FDQLQIOXHQFHPXWXDOLVWLFUHODWLRQVKLSVEHWZHHQSODQWVDQGDQLPDOVDQGFRQVHTXHQWO\
FRPPXQLW\DWWULEXWHV:LWKLQHDFKEXIIHUZHFDOFXODWHGXVLQJ$UF*,69HUVLRQ(65,
WKHSHUFHQWDJHRIIRUHVWFRYHU&29(5DQGSHUFHQWDJHRIGLIIHUHQWW\SHVRIPDWULFHV
0$75,;VXJDUFDQHFRIIHHDQGSDVWXUHLQDEXIIHURIPDURXQGHDFKIUDJPHQW
&29(5LVWKHSURSRUWLRQRIODQGVFDSHFRYHUHGE\IRUHVWZKLFKLVFDOFXODWHGXVLQJ
 ð  Af r PFS ZKHUHAfLVWKHWRWDODUHDRIIRUHVWIRUHVWʌr ²LVWKHDUHDRIWKHEXIIHU



FLUFXPIHUHQFHDQGPFLVWKHWRWDOSURSRUWLRQRIIRUHVWLQHDFKEXIIHUP0$75,;
/DQGVFDSHLQGH[TXDQWLILHVWKHODQGVFDSHSURSRUWLRQLQVLGHWKHEXIIHUFRYHUHGE\HDFK
KDELWDWPDWUL[FRIIHHSDVWXUHDQGVXJDUFDQHZKLFKLVFDOFXODWHGXVLQJWKHHTXDWLRQ
 ðAm r PMS ZKHUHAmLVWKHVXPRIDQWKURSRJHQLFKDELWDWPDWUL[DUHDVDQGPMLVWKH
WRWDOSURSRUWLRQRIKDELWDWPDWUL[LQHDFKEXIIHU
Statistical analysis
7D[RQRPLFULFKQHVVERRWVWUDSHVWLPDWRUWKH6KDQQRQ:LHQHULQGH[DQG3LHORX¶V
HYHQQHVVZDVXVHGWRHYDOXDWHWKHFRPPXQLW\GLYHUVLW\0DJXUUDQ'LYHUVLW\SURILOHV
ZHUHXVHGWRHYDOXDWHDQGFRPSDUHWKHGLYHUVLW\RIVSHFLHVDPRQJIUDJPHQWV7yWKPpUpV]
(DFKGLYHUVLW\LQGH[GLIIHUVLQWKHZHLJKWJLYHQWRUDUHVSHFLHVDQGE\XVLQJWKH
GLYHUVLW\SURILOHVLWLVSRVVLEOHWRREVHUYHZKHWKHUWKHGLIIHUHQFHLQGLYHUVLW\DPRQJ
IUDJPHQWVLVGXHWRUDUHRUDEXQGDQWVSHFLHV0HOR'LYHUVLW\SURILOHVZHUHFDOFXODWHG
ZLWK+LOO¶V6HULHVLQWKHVRIWZDUH3$67+DPPHUDQG+DUSHU,QWKLV
VHULHVZKHQDOSKD +LOO¶VQXPEHU QXPEHURIVSHFLHV6ZKHQDOSKD +LOO¶VQXPEHU H[S
+¶DQGZKHQDOSKD +LOO´VQXPEHU LQYHUVHRI6LPSVRQ¶V'RPLQDQFH,QGH['
7KHDGGLWLYHSDUWLWLRQLQJRIVSHFLHVGLYHUVLW\ZDVXVHGLQRUGHUWRYHULI\KRZWKH
YDULDWLRQRIGLYHUVLW\RFFXUVDWGLIIHUHQWVFDOHVLDPRQJSORWVZLWKLQWKHVDPHIUDJPHQWDQG
LLDPRQJGLIIHUHQWIUDJPHQWV&ULVWHWDO. $QGHUVRQHWDO,QWKHDGGLWLYH
SDUWLWLRQLQJRIVSHFLHVGLYHUVLW\KHUHFDOFXODWHGE\VSHFLHVULFKQHVVWKHUHJLRQDORUWRWDO
GLYHUVLW\ȖLVGLYLGHGLQWRĮDQGȕFRPSRQHQWVWKDWDUHH[SUHVVHGLQWKHVDPHXQLW7KH
WRWDOVSHFLHVULFKQHVVȖRIDVHWRIVDPSOHVLVGLYLGHGDWWKHULFKQHVVDYHUDJHLQWRWKHVDPSOHV
ĮDQGULFKQHVVDYHUDJHDEVHQWLQHDFKVDPSOHȕ7KDWZD\    nJ D E E E    ZKHUH
Q QXPEHURIOHYHOVDQGȕQ ĮQĮQ&ULVWHWDO7KHDYHUDJHGLYHUVLW\LQWKHSORWV
OHYHODQGLQWKHIUDJPHQWVOHYHOZHUHFDOFXODWHGDVDFRPSRQHQWRIWRWDOGLYHUVLW\LQ



RUGHUWRYHULI\WKHVSDWLDOYDULDWLRQRIGLYHUVLW\7KLVREVHUYHGGLYHUVLW\ZDVFRPSDUHGZLWKD
QXOOGLVWULEXWLRQPRGHORIGLYHUVLW\FRQVLVWLQJRIWKHPHDQGLYHUVLW\REWDLQHG
WKURXJKUDQGRPL]DWLRQV7KHUDQGRPL]DWLRQVHQVXUHVWKHH[SHFWHGGLYHUVLW\RIWKH
GLVWULEXWLRQRILQGLYLGXDOVLVUDQGRP7KHH[SHFWHGGLYHUVLW\ZDVFDOFXODWHGZLWKWKHVRIWZDUH
3DUWLWLRQ&ULVWHWDO:HXVHGWKHDGGLWLYHDSSURDFKEHFDXVHXQOLNHWKHPXOWLSOLFDWLYH
WKHFRPSRQHQWVRIGLYHUVLW\UHPDLQLQWKHVDPHVDPSOHXQLWLQGHSHQGHQWRIWKHVFDOH
$GGLWLRQDOO\LWLVSRVVLEOHWRFDOFXODWHWKHUHODWLYHFRQWULEXWLRQRIDOSKDDQGEHWDGLYHUVLW\IRU
JDPPDGLYHUVLW\DWGLIIHUHQWVFDOHV/DQGH&ULVWHWDO
3UHVHQFHDEVHQFHPDWULFHVDQGWKH6RUHQVHQGLVVLPLODULW\LQGH[ZHUHXVHGIRUWKH
GHFRPSRVLWLRQRIEHWDGLYHUVLW\LQQHVWHGQHVVDQGWXUQRYHUFRPSRQHQWVIRUWZRVFDOHVSORWV
DQGIUDJPHQWV7KLVLQGH[UDQJHVIURPFRPSOHWHO\VLPLODUWRFRPSOHWHO\GLVVLPLODU
6XEVHTXHQWO\ZHSDUWLWLRQHGWKHWRWDOGLVVLPLODULWLHV%625LQWKHSURSRUWLRQVJHQHUDWHGE\
QHVWHGQHVV%1(6DQGWXUQRYHU%6,0ZKHUH  SOR NES SIMB B B  %DVHOJD7KHVH
DQDO\VHVZHUHFDUULHGRXWLQ55'HYHORSPHQW&RUH7HDPXVLQJWKHIXQFWLRQV³EHWD
PXOWL5´LQSDFNDJH³EHWDSDUWH´$UHFHQWVWXG\%DVHOJDDQG/HSULHXUVKRZHGWKDW
ZLWKWKLVPHWKRGWKHQHVWHGQHVVUHVXOWDQWFRPSRQHQWDFFRXQWVRQO\IRUULFKQHVVGLIIHUHQFHV
GHULYHGIURPQHVWHGSDWWHUQVZKLOHLQRWKHUPHWKRGVULFKQHVVGLIIHUHQFHGLVVLPLODULW\
DFFRXQWVIRUDOONLQGVRIULFKQHVVGLIIHUHQFHV0RUHRYHULQWKHPHWKRGSURSRVHGE\%DVHOJD
WKHUHSODFHPHQWFRPSRQHQWLVLQGHSHQGHQWRIULFKQHVVGLIIHUHQFH
$SDUWLDO UHGXQGDQF\DQDO\VLV35'$5DRZDVSHUIRUPHGLQRUGHU WRYHULI\
ZKHWKHU WKH ODQGVFDSH FRQILJXUDWLRQV &29(5 DQG 0$75,; DUH DEOH WR H[SODLQ WKH
YDULDWLRQLQWKHEHWDGLYHUVLW\DPRQJIUDJPHQWV)RUWKLVDQDO\VLVZHXVHGWZRGDWDPDWULFHV
DPDWUL[ZLWKWKHQXPEHURILQGLYLGXDOVSHUVSHFLHVLQHDFKIUDJPHQWDQGDPDWUL[ZLWKWKH
ODQGVFDSH SDUDPHWHUV 7KH FDOFXODWLRQ RI KRZ ODQGVFDSH SDUDPHWHUV VHOHFWHG DUH DEOH WR
H[SODLQWKHYDULDWLRQLQWKHEHWDGLYHUVLW\DPRQJWKHIUDJPHQWVZDVFDUULHGRXWDFFRUGLQJWR



/HJHQGUH HW DO  XVLQJ WKH YHJDQ SDFNDJH 2NVDQHQ HW DO  DYDLODEOH LQ WKH
VRIWZDUH 5 5 'HYHORSPHQW &RUH 7HDP  7KH VLJQLILFDQFH RI WKH SHUFHQWDJH RI
H[SODQDWLRQZDVHYDOXDWHGDFFRUGLQJWRWKHSHUPXWDWLRQPHWKRGGHVFULEHGE\/HJHQGUHDQG
/HJHQGUHSHUIRUPLQJSHUPXWDWLRQV

5HVXOWV
Canopy stratum 
:HVDPSOHGLQGLYLGXDOVZLWKD'%+FPGLVWULEXWHGLQVSHFLHV
JHQHUDDQGIDPLOLHVLQWKHQLQHVWXGLHGIUDJPHQWV$OWKRXJKVRPHIUDJPHQWVKDYHWZLFH
WKHVSHFLHVWKDQRWKHUVULFKQHVVHVWLPDWHGE\ERRWVWUDSUDQJHGIURPWRDOO
IUDJPHQWVKDGKLJKVSHFLHVGLYHUVLW\6KDQQRQ¶VGLYHUVLW\LQGH[+¶UDQJHGIURPWR
QDWVLQGKLJKHYHQQHVV3LHORX¶VHYHQQHVVLQGH[>-¶@UDQJHGIURPWRDQGDODUJH
SHUFHQWDJHRIUDUHVSHFLHVRQHLQGLYLGXDOLQWKHVDPSOHWR7DEOH7KH
GLYHUVLW\SURILOHVVKRZHGWKDWULFKHUIUDJPHQWVZHUHQRWDOZD\VWKHPRVWGLYHUVH,QRWKHUZRUGV
WKHZHLJKWRIUDUHVSHFLHVFDQGHWHUPLQHGLYHUVLW\HFRORJLFDOYDOXHVLQHDFKVLWH)RUH[DPSOH
IUDJPHQWKDGWKHORZHVWQXPEHURIVSHFLHVKRZHYHUE\UHGXFLQJWKHZHLJKWRIUDUH
VSHFLHVDOSKD!WKLVUHPQDQWEHFRPHVPRUHGLYHUVHWKDQIUDJPHQWVDQGULFKHVW
IUDJPHQWV)LJD7KHWRWDOVSHFLHVULFKQHVVEDVHGRQ%RRWVWUDSHVWLPDWRULQWKHQLQHVLWHV
WRJHWKHUZDVDQG6KDQQRQ¶VGLYHUVLW\LQGH[QDWVLQGDQG3LHORX¶VHYHQQHVVLQGH[
UHPDLQHGKLJK7DEOH7KHIUHTXHQWVSHFLHVWKRVHRFFXUULQJLQDOOIUDJPHQWV
UHSUHVHQWRIWKHWRWDOULFKQHVVDQGRIWKHWRWDOLQGLYLGXDOVVDPSOHG2QWKHRWKHU
KDQGRIWKHVSHFLHVDQGRIWKHWRWDOLQGLYLGXDOVRFFXULQRQO\RQHIUDJPHQW
7KHEHWDGLYHUVLW\IURPWKLVVWUDWXPDPRQJIUDJPHQWVZDVKLJKHUWKDQH[SHFWHGLIWKH
GLVWULEXWLRQZDVUDQGRPS UHSUHVHQWLQJRIWKHUHJLRQDOGLYHUVLW\JDPPD)LJ
$GGLWLRQDOO\RIWKHEHWDGLYHUVLW\DPRQJIUDJPHQWVLVJHQHUDWHGE\VSHFLHVWXUQRYHU



DQGRQO\E\QHVWHGQHVV6LPLODUO\EHWDGLYHUVLW\DPRQJSORWVZLWKLQWKHIUDJPHQWVZDV
DOVRKLJKHUWKDQH[SHFWHGE\FKDQFHS H[FHSWIRUIUDJPHQWQLQHUHSUHVHQWLQJ
DSSUR[LPDWHO\RIGLYHUVLW\LQDOOIUDJPHQWV$SSUR[LPDWHO\RIWKHEHWDGLYHUVLW\
ZLWKLQDOOIUDJPHQWVLVGXHWRVSHFLHVWXUQRYHUDQGDERXWLVGXHWRQHVWHGQHVV1RQHRI
ODQGVFDSHSDUDPHWHUVDQDO\]HGIRUWKLVVWUDWXPH[SODLQHGWKHYDULDWLRQLQEHWDGLYHUVLW\
) S 
 
Understory stratum 
:HVDPSOHGLQGLYLGXDOVZLWKD'%+FPGLVWULEXWHGLQVSHFLHV
JHQHUDDQGIDPLOLHVLQWKHQLQHVWXGLHGIUDJPHQWV$OOIUDJPHQWVKDYHKLJKULFKQHVV
ULFKQHVVHVWLPDWHGE\ERRWVWUDSUDQJHGIURPWRKLJKGLYHUVLW\6KDQQRQ¶V
GLYHUVLW\LQGH[>+¶@UDQJHGIURPWRQDWVLQGKLJKHYHQQHVV3LHORX¶VHYHQQHVV
LQGH[>-¶@UDQJHGIURPWRDQGWKHSHUFHQWDJHRIUDUHVSHFLHVGLGQRWH[FHHGLQ
HDFKRIWKHIUDJPHQWV7DEOH+RZHYHUWKHZHLJKWRIUDUHVSHFLHVGHWHUPLQHGWKHGLYHUVLW\
LQWKHIUDJPHQWVH[FHSWIRUIUDJPHQWWKDWLVWKHULFKHVWDQGWKHPRVWGLYHUVHDQGGLGQRW
FKDQJHZKHQZHDOWHUHGWKHDOSKDHFRORJLFDOYDOXH)RUH[DPSOHIUDJPHQWKDVPRUHVSHFLHV
WKDQIUDJPHQWVDQGEXWZKHQZHUHGXFHGWKHZHLJKWRIWKHUDUHVSHFLHVWKHODWWHUEHFDPH
PRUHGLYHUVH)LJE
7KHWRWDOVSHFLHVULFKQHVVEDVHGRQERRWVWUDSHVWLPDWRULQWKHQLQHVLWHVUHPDLQHGKLJK
DVZHOODV6KDQQRQ¶VGLYHUVLW\LQGH[QDWVLQGDQG3LHORX¶VHYHQQHVVLQGH[
7DEOH)UHTXHQWVSHFLHVWKRVHRFFXUULQJLQDOOIUDJPHQWVUHSUHVHQWRIWKH
WRWDOULFKQHVVDQGRIWKHWRWDOLQGLYLGXDOVVDPSOHG2QWKHRWKHUKDQGVSHFLHVWKDWRFFXULQ
RQO\RQHIUDJPHQWUHSUHVHQWRIWKHWRWDOVSHFLHVDQGRIWKHLQGLYLGXDOV
7KHEHWDGLYHUVLW\IURPWKLVVWUDWXPDPRQJIUDJPHQWVZDVKLJKHUWKDQH[SHFWHGLIWKH
GLVWULEXWLRQZDVUDQGRPS UHSUHVHQWLQJRIWKHUHJLRQDOGLYHUVLW\JDPPD



)LJ1LQHW\SHUFHQWRIWKHEHWDGLYHUVLW\DPRQJIUDJPHQWVLVGXHWRVSHFLHVWXUQRYHUDQG
RQO\WRQHVWHGQHVV,QWXUQEHWDGLYHUVLW\ZLWKLQWKHIUDJPHQWVZDVE\FKDQFHDOVR
KLJKHUWKDQH[SHFWHGS DQGUHSUHVHQWVDSSUR[LPDWHO\RIWKHJDPPDGLYHUVLW\
LQDOOIUDJPHQWV1LQHW\WKUHHSHUFHQWRIWKHEHWDGLYHUVLW\ZLWKLQDOOIUDJPHQWVLVGXHWR
VSHFLHVWXUQRYHUDQGLVGXHWRQHVWHGQHVV1RQHRIWKHODQGVFDSHSDUDPHWHUVDQDO\]HGIRU
WKLVVWUDWXPZHUHDEOHWRH[SODLQWKHYDULDWLRQLQEHWDGLYHUVLW\) S 

'LVFXVVLRQ
,QWKHSUHVHQWVWXG\ZHIRXQGWKDWWKHKLJKEHWDGLYHUVLW\ZLWKLQDQGDPRQJIUDJPHQWV
LQERWKVWUDWDZDVGXHWRVSHFLHVWXUQRYHUDYRLGLQJVSHFLHVKRPRJHQL]DWLRQ7KHWHVWHG
ODQGVFDSHFKDUDFWHULVWLFVGLGQRWLQIOXHQFHWKHGLYHUVLW\SDUWLWLRQRIWKHWUHHDVVHPEODJHRI
ERWKVWUDWD7KHSDUWLWLRQRIWKHGLYHUVLW\RIWKHWUHHDVVHPEODJHIURPWKHXQGHUVWRU\DQG
FDQRS\VWUDWDFRQILUPVWKHJRRGFRQVHUYDWLRQFRQGLWLRQRIWKHIUDJPHQWHGODQGVFDSHVWXGLHG
DQGVXJJHVWVWKDWWKHVHIUDJPHQWVDUHDEOHWRPDLQWDLQGLYHUVLW\RYHUWLPH0RVWRIWKHWUHHV
VWXGLHVZHUHQRWLQFOXGHGLQWKHFDQRS\VWUDWXPWKHRQO\VWUDWXPVWXGLHGLQPRVWRWKHU
ZRUNVKRZHYHUWKH\DUHLPSRUWDQWWRFRQVLGHU6DOOHVDQG6FKLDYLQLEHFDXVHWKHVH
LQGLYLGXDOVDUHPRUHVHQVLWLYHVPDOOHUWKLQQHUDQG\RXQJHULQGLYLGXDOVDQGPD\KDYHEHHQ
UHFUXLWHGDIWHUWKHIUDJPHQWDWLRQSURFHVV7KHUHVXOWVIRUWKHXQGHUVWRU\VWUDWXPWRUHFHQW
GLVWXUEDQFHVDUHPRUHDFFXUDWHWKDQWKHFDQRS\VWUDWXPVLQFHDGXOWWUHHVKDYHORQJOLIH
F\FOHVDQGFRXOGKDYHEHHQHVWDEOLVKHGEHIRUHWKHIUDJPHQWDWLRQSURFHVVZKLOHPRVWRIWKH
OLIHF\FOHVWDJHVRIWKHSODQWVIURPWKHXQGHUVWRU\VWUDWXPKDSSHQHGGXULQJRUDIWHU
IUDJPHQWDWLRQ0DUWLQH]5DPRVDQG$OYDUH]%X\OOD,QWKLVZD\LWLVSRVVLEOHWR
SUHGLFWWKHFKDQJHLQWKHFRPPXQLW\VWUXFWXUHRYHUWLPH
,WZDVH[SHFWHGWKDWVPDOOHUDQGLVRODWHGIUDJPHQWVLQVHUWHGLQDODQGVFDSHZLWKORZ
IRUHVWFRYHUDJHDQGLQDQWKURSRJHQLFPDWULFHVZRXOGEHLQDSURFHVVRIIORULVWLF



KRPRJHQL]DWLRQ,QRWKHUZRUGVWKHWUHHDVVHPEODJHZRXOGEHVORZO\GRPLQDWHGE\WROHUDQW
VSHFLHVDQGPLVVLQJPRUHVHQVLWLYHVSHFLHV/DXUDQFHHWDO$UUR\R5RGUtJXH]HWDO
+RZHYHUGHVSLWHWKHVWXGLHGODQGVFDSHVKRZLQJDOOWKHVHFKDUDFWHULVWLFVWKHWUHH
DVVHPEODJHLQWKHIUDJPHQWVLVQRWLQDKRPRJHQL]DWLRQSURFHVV2QWKHFRQWUDU\WKHWUHH
DVVHPEODJHKDVKLJKEHWDDQGDOSKDGLYHUVLW\ZKLOHWKHGLYHUVLW\SURILOHVKRZVWKDWWKH
GLYHUVLW\LVPDLQO\GXHWRDODUJHQXPEHURIUDUHVSHFLHV,QDGGLWLRQDSUHYLRXVVWXG\LQWKH
VDPHDUHDVKRZHGWKDWWKHVHIUDJPHQWVVWLOOSUHVHUYHKLJKVSHFLHVGLYHUVLW\DQGULFKQHVVDQG
HQGDQJHUHGVSHFLHV:HK\SRWKHVL]HWKDWWKHVHXQH[SHFWHGUHVXOWVZHUHIURPWZRPDLQ
IDFWRUVWKHIUDJPHQWKHWHURJHQHLW\DQGWKHODQGVFDSHFRQWH[WZKHUHWKHIUDJPHQWVRFFXU
/RFDOEHWDGLYHUVLW\SDWWHUQVFDQEHDWWULEXWHGWRQLFKHVWUXFWXUHELRORJLFDO
LQWHUDFWLRQVDQGHQYLURQPHQWDOFKDUDFWHULVWLFV$UUR\R5RGUtJXH]HWDO0RUH
KHWHURJHQHRXVHQYLURQPHQWVSUHVHQWPRUHUHVRXUFHVDQGFRQGLWLRQVZKLFKZRXOGUHVXOWLQD
JUHDWHUQXPEHURIQLFKHVVXSSRUWLQJJUHDWHUGLYHUVLW\RIVSHFLHVWKDQVLPSOHURQHV
0DF$UWKXUDQG0DF$UWKXU)RUHVWIUDJPHQWVHYHQVPDOORQHVFDQSUHVHQWGLIIHUHQW
LQWHUQDOFKDUDFWHULVWLFVVXFKDVWKHSUHVHQFHRUDEVHQFHDQGRUTXDQWLW\RIVWUHDPVJDSV
DQGRUVORSHVZKLFKFUHDWHGLIIHUHQWPLFURHQYLURQPHQWVWKDWFRXOGEHRFFXSLHGE\GLIIHUHQW
VSHFLHVLQFUHDVLQJWKHGLYHUVLW\&KiYH]DQG0DFGRQDOG6DEDWLQLHWDO,QIDFW
WKHVWXGLHGIUDJPHQWVSUHVHQWHGGLIIHUHQWFKDUDFWHULVWLFVDPRQJWKHPVXFKDVSUHVHQFHRU
DEVHQFHRIVWUHDPVVORSHGHJUHHVDQGGLIIHUHQWDQWKURSRJHQLFPDWUL[W\SHVZKLFKFDQ
JHQHUDWHLQWULQVLFKHWHURJHQHLW\personal observation$QRWKHUDVSHFWRIWKHVWXG\
UHLQIRUFLQJWKLVK\SRWKHVLVLVWKDWKLJKEHWDGLYHUVLW\ZLWKLQWKHIUDJPHQWVLVPDLQO\GXHWR
VSHFLHVWXUQRYHUDQGQRWWRULFKQHVVQHVWHGQHVVFRQWUDU\WRH[SHFWDWLRQVJHQHUDWHGE\
/DXUDQFHHWDO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

,QDIUDJPHQWHGODQGVFDSHWKHSUHVHQFHRISDVWXUHVPRGLI\WKHDWWULEXWHV
RIUHJHQHUDWLQJWUHHFRPPXQLW\ZLWKRXWOHDGLQJWRVSHFLHV
KRPRJHQL]DWLRQ





1RVPROGHVGDUHYLVWD&RQVHUYDWLRQ%LRORJ\



,QDIUDJPHQWHGODQGVFDSHWKHSUHVHQFHRISDVWXUHVPRGLI\WKHDWWULEXWHV
RI UHJHQHUDWLQJ WUHH FRPPXQLW\ ZLWKRXW OHDGLQJ WR VSHFLHV
KRPRJHQL]DWLRQ


$UWLFOH ,PSDFW6WDWHPHQW3DVWXUHPDWULFHVDIIHFWWKHVDSOLQJFRPPXQLW\LQD
IUDJPHQWHGODQGVFDSH

&DUQHLUR065LEHLUR%5&DPSRV&&)$OPHLGD+5DPRV)1DQG
6DQWRV)$0

'HSDUWDPHQWR GH %RWkQLFD ,QVWLWXWR GH %LRORJLD 8QLYHUVLGDGH (VWDGXDO GH
&DPSLQDV&3RVWDO&(3&DPSLQDV63%UD]LO
/DERUDWyULRGH(FRORJLDGH)UDJPHQWRV)ORUHVWDLV(&2)5$*,QVWLWXWRGH
&LrQFLDV GD 1DWXUH]D 8QLYHUVLGDGH )HGHUDO GH $OIHQDV 81,)$/0* 5XD
*DEULHO 0RQWHLUR GD 6LOYD Q $OIHQDV 0* &(3  %UD]LO 7HO

  ,QVWLWXWRGH5HFXUVRV1DWXUDLV8QLYHUVLGDGH)HGHUDO GH ,WDMXEi 81,)(,
5XD'U3HUHLUD&DEUDOQ,WDMXEi0*&(3%UD]LO
$XWKRUIRUFRUUHVSRQGHQFHIQUDPRV#JPDLOFRP

$FNQRZOHGJHPHQWV
:H WKDQN)'3(&$DQG$0 IRUKHOSZLWK WKH ILHOGZRUNDQG$0 IRU
FRUUHFWLQJ WKH (QJOLVK 7KLV UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ D JUDQW
IURP&RRUGHQDomRGH$SHUIHLoRDPHQWRGH3HVVRDOGH1tYHO6XSHULRU&$3(6
WR06&7KHSURMHFWZDVVXSSRUWHGE\)XQGDomRGH$PSDURD3HVTXLVDGR



(VWDGR GH0LQDV*HUDLV )$3(0,*9DOH&RPSDQ\ 5'3 DVZHOO
DV &RQVHOKR 1DFLRQDO GH 'HVHQYROYLPHQWR &LHQWLILFR H 7HFQROyJLFR &13T
DQG 



,QDIUDJPHQWHGODQGVFDSHWKHSUHVHQFHRISDVWXUHVPRGLI\WKHDWWULEXWHV
RI UHJHQHUDWLQJ WUHH FRPPXQLW\ ZLWKRXW OHDGLQJ WR VSHFLHV
KRPRJHQL]DWLRQ

$EVWUDFW
$V LQ ODUJH SDUWV RI WKH WURSLFV PRVW ELRGLYHUVLW\ LV FRQFHQWUDWHG LQ IRUHVW
IUDJPHQWVFRQVHUYDWLRQVWUDWHJLHVPXVWWDNHLQWRFRQVLGHUDWLRQWKHGLVWULEXWLRQ
SDWWHUQVRIRUJDQLVPVLQWKRVHIUDJPHQWHGODQGVFDSHVWREHDEOHWRHIIHFWLYHO\
SURWHFW WKHP ,W LV WKHUHIRUH QHFHVVDU\ WR XQGHUVWDQG KRZ ODQGVFDSH
FRQILJXUDWLRQVDIIHFWVSHFLHVGLYHUVLW\DQGFRPSRVLWLRQZLWKLQ IRUHVWIUDJPHQWV
DVZHOODV WKHGLYHUVLW\ WKDWH[LVWVDPRQJGLIIHUHQW IUDJPHQWV:HLQYHVWLJDWHG
KRZ ODQGVFDSHFRQILJXUDWLRQVDIIHFWFRPPXQLW\DWWULEXWHVRIDGXOWDQGVDSOLQJ
WUHH SRSXODWLRQV DQG H[DPLQHG ZKHWKHU WKRVH FRQILJXUDWLRQV LQIOXHQFHG EHWD
GLYHUVLW\LQVLGHDQGDPRQJIUDJPHQWV:HH[SHFWHGWKDWODQGVFDSHSDUDPHWHUV
ZRXOG DIIHFW DOO FRPPXQLW\ DWWULEXWHV DQDO\]HG :H FHQVXVHG DOO DGXOW WUHHV
LQGLYLGXDOVZLWKGLDPHWHUVDWEUHDVWKHLJKW '%+!FPDQGVDSOLQJ WUHHV
LQGLYLGXDOVZLWK'%+FPDQGKHLJKW!P LQHDFKRI WHQ[P
SORWVKDLQHDFKRIHLJKWIUDJPHQWVRI6XEPRQWDQH6HPLGHFLGXRXV$WODQWLF
)RUHVW7KHDGXOWDQGVDSOLQJOD\HUVVKRZHGKLJKEHWDGLYHUVLW\RIJDPPD
GLYHUVLW\ LQGLFDWLQJ WKDW WKH IUDJPHQWV ZHUH QRW H[SHULHQFLQJ VSHFLHV
KRPRJHQL]DWLRQSURFHVVHV&RPSDULVRQVRIWKHDVVHPEODJHVLQWKHWZROD\HUV
GHPRQVWUDWHGWKDWUHJLRQDOWUHHULFKQHVVDQGGLYHUVLW\VKRXOGUHPDLQKLJKRYHU
WLPH7KHUH DUH LQGLFDWLRQV KRZHYHU WKDW DOWHUDWLRQV GXH WR IUDJPHQWDWLRQ
HVSHFLDOO\WKHSUHVHQFHRISDVWXUHVPD\EHDOWHULQJWKHFRPSRVLWLRQRIWKHQHZ
DVVHPEODJHVDSOLQJPDNLQJWKHIUDJPHQWVOHVVKHWHURJHQHRXV



.H\ZRUGV$GGLWLYHSDUWLWLRQLQJRIGLYHUVLW\EHWDGLYHUVLW\IRUHVWFRYHUIRUHVW
IUDJPHQWVPDWUL[HIIHFWDQGUHJHQHUDWLRQOD\HU
 



,QWURGXFWLRQ
7URSLFDO UDLQIRUHVWV DUH WKH PRVW GLYHUVH HFRV\VWHPV RQ RXU SODQHW
KDUERULQJWRRIDOOSODQWDQGDQLPDOVSHFLHV0\HUVKRZHYHU
WKLVGLYHUVLW\LVWKUHDWHQHGE\IRUHVWIUDJPHQWDWLRQVHH/DXUHQFHHWDOIRU
D UHYLHZ $OWKRXJK WKHUH LV D JHQHUDO FRQVHQVXV WKDW IUDJPHQWDWLRQ KDV
QHJDWLYH HIIHFWV RQ WKH FRPSRVLWLRQ GLYHUVLW\ DQG VWUXFWXUH RI SODQW
FRPPXQLWLHV /DXUHQFHHW DO  WKHVHHIIHFWVPD\QRW EH LGHQWLFDO IRU DOO
FRPPXQLWLHV 7KH LQWHQVLWLHV RI WKH HIIHFWV RI IUDJPHQWDWLRQ GHSHQG RQ WKH
ELRORJ\ RI WKH LPSDFWHG VSHFLHV HQYLURQPHQWDO FKDUDFWHULVWLFV DQG ODQGVFDSH
FKDUDFWHULVWLFV LQWRZKLFK WKH IUDJPHQWV DUH LQVHUWHGVXFK DVPDWUL[ W\SH DQG
IRUHVW FRYHU 9LDQD 	 7DEDQH]  7KH HQYLURQPHQW FKDUDFWHULVWLFV DUH
GHWHUPLQDQW IRU WKHVSHFLHVHVWDEOLVKPHQW LW LVNQRZQ WKDW LQGHSHQGHQWRI WKH
IUDJPHQWDWLRQ VRLO FKDUDFWHULVWLFV DLU KXPLGLW\ UHOLHI DOWLWXWH DQG VXFFHVVLRQ
VWDJHGHWHUPLQH WKHVSHFLHVFRPSRVLWLRQRI WKHHQYLURQPHQWV/DXUHQFHHWDO

:KLOH VHYHUDO VWXGLHVKDYH LQYHVWLJDWHG WKHHIIHFWVRI IUDJPHQWDWLRQRQ
HQYLURQPHQWDO FKDUDFWHULVWLFV DQG FRQVHTXHQWO\ RQ VSHFLHV FRPSRVLWLRQ IRU
H[DPSOHVWXGLHVDERXWHGJHHIIHFWVWXGLHVRQWKHHIIHFWRIODQGVFDSHFKDQJHV
RQ IUDJPHQWHG FRPPXQLWLHV DUH VWLOO UHFHQW DQG VRPHWLPHV FRQWURYHUVLDO ,Q
JHQHUDO ODQGVFDSHV ZLWK KLJK IRUHVW FRYHU DUH PRUH VLPLODU WR QDWXUDO
HQYLURQPHQWV $QWKURSRJHQLF PDWULFHV RQ WKH RWKHU KDQG KDYH YDU\LQJ
QHJDWLYHHIIHFWVRQIUDJPHQWV3HVWLFLGHVDQGKHUELFLGHVXVHGLQSODQWDWLRQVIRU
H[DPSOHFDQUHDFKWKHLQWHULRUVRIIRUHVWIUDJPHQWVFDXVLQJWKHGLVDSSHDUDQFH
RI SROOLQDWLQJ LQVHFWV +HVWHU 	 +REEV  ± ZKLFK ZLOO PRGLI\ PXWXDOLVWLF
UHODWLRQVKLSV DQG FDQ WULJJHU FDVFDGLQJ HIIHFWV RI SODQW H[WLQFWLRQV 3HVWLFLGH



XVH FDQ DOVR FRQWDPLQDWH WKH VRLO DQG DOWHU ELRJHRFKHPLFDO F\FOHV +HVWHU 	
+REEV  0DWUL[ VWUXFWXUHV SUHVHQW DQRWKHU SUREOHP )DKULJ 
'HFRQFKDW HW DO  0DWULFHV VWUXFWXUDOO\ PRUH VLPLODU KHLJKW DQG OHDI
ORQJHYLW\WRIRUHVWIUDJPHQWVVXFKDVVKUXEPDWULFHVOLNHFRIIHHFRXOGVRIWHQ
HGJHHIIHFWV DQGDFWDV IUDJPHQW H[WHQVLRQV VHUYLQJDV VWHSSLQJ VWRQHVDQG
IHHGLQJ VWDWLRQV IRU DQLPDOV 0HVTXLWD HW DO  +HUQDQGH]5XHGDV HW DO
 0RVW KHUEDFHRXV PDWULFHV KRZHYHU VXFK DV SDVWXUHV KDYH WKH
RSSRVLWH HIIHFW RQ IUDJPHQWV WHQG WR LVRODWH IUDJPHQWV DQG SUHYHQW DQLPDO
PRYHPHQWV0HVTXLWDHWDO
$V LQ WKH $WODQWLF )RUHVW UHJLRQ PRVW WURSLFDO ELRGLYHUVLW\ LV FRQWDLQHG
ZLWKLQ IRUHVW IUDJPHQWV 0HORHWDOFRQVHUYDWLRQVWUDWHJLHVGHVLJQHG WR
HIIHFWLYHO\ SURWHFW IRUHVW UHPQDQWV PXVW WDNH LQWR DFFRXQW WKH GLVWULEXWLRQ
SDWWHUQVRIRUJDQLVPVZLWKLQ WKRVH IUDJPHQWHG ODQGVFDSHV )DKULJ ,W LV
WKHUHIRUH QHFHVVDU\ WR EHWWHU XQGHUVWDQG KRZ ODQGVFDSH FRQILJXUDWLRQV DIIHFW
WKHGLYHUVLW\DQGFRPSRVLWLRQRIVSHFLHVZLWKLQWKHIUDJPHQWVDQGH[DPLQHWKH
GLYHUVLW\ EHWZHHQ IUDJPHQWV EHWD GLYHUVLW\ 6XPPHUYLOOH et al.  %HWD
GLYHUVLW\ LV FHQWUDO WR XQGHUVWDQGLQJ KRZ VSHFLHV GLYHUVLW\ LV RUJDQL]HG DQG
PDLQWDLQHG&RQGLWHWDO7KHZD\LQZKLFKVSHFLHVGLYHUVLW\YDULHVIURP
IUDJPHQW WR IUDJPHQWLVRI UHOHYDQFH WR WHVWLQJHFRORJLFDO WKHRULHV WKDW VHHN WR
XQGHUVWDQG WKH SURFHVVHV WKDW JHQHUDWH WKRVH SDWWHUQV DQG ZKLFK KDYH
SUDFWLFDODSSOLFDWLRQV LQFRQVHUYDWLRQELRORJ\ 9HHFKet al. :KLOHVRPH
HPSLULFDO VWXGLHV KDYH LQGLFDWHG WKDW ODQGVFDSH FRQILJXUDWLRQV KDYH D
IXQGDPHQWDO UROH LQ GHWHUPLQLQJ EHWD GLYHUVLW\ $UUR\R5RGULJXH] HW DO 
+HUQDQGH]5XHGDV HW DO  PDQ\ ODQGVFDSH SDUDPHWHUV LQFOXGLQJ WKH
HIIHFWV RIPDWUL[ W\SH KDYH QRW EHHQ H[DPLQHG OLNHZLVH YDULRXV SDUDPHWHUV



WKDWKDYHEHHQWHVWHGVXFKDVIRUHVWFRYHUDQGJHRJUDSKLFDOGLVWDQFHHIIHFWV
KDYH \LHOGHG FRQIOLFWLQJ UHVXOWV $UUR\R5RGULJXH] HW DO &DUQHLUR HW DO

2QH SUREOHP UHODWHG WR WKHVH VWXGLHV DV ZHOO DV RWKHU VWXGLHV RI
IUDJPHQWDWLRQHIIHFWVRQSODQWFRPPXQLWLHV LV WKDWPRVWKDYHDGGUHVVHGRQO\
WKHDGXOW WUHH FRPSRQHQW '%+! FP5DLQIRUHVW RIWHQKDYH YHU\ ORQJOLYHG
WUHHV 0DUWLQH]5DPRV 	 $OYDUH]%X\OOD  DQG PDWXUH WUHHV SUHVHQW LQ
IUDJPHQWVPD\EHUHSUHVHQWDWLYHRIDWLPHZKHQHQYLURQPHQWDOFRQGLWLRQVZHUH
TXLWHGLIIHUHQWVXFKDVEHIRUHWKHIRUHVWZDVIUDJPHQWHG7KXVWKHHIIHFWVRI
HQYLURQPHQWDO DOWHUDWLRQV GXH WR IUDJPHQWDWLRQ PD\ EHVW EH H[SUHVVHG LQ
VDSOLQJSRSXODWLRQV+LOO	&XUDQ'LIIHUHQWIURPWKHDGXOWWUHHFRPSRQHQW
VDSOLQJVDUH\RXQJDQGPRUHYXOQHUDEOHWRDQWKURSRJHQLF LPSDFWV6LOYDet al. 
 DQG VWXGLHV RI WKH VDSOLQJ FRPSRQHQW VKRXOG DOORZ XV WR PDNH
LQIHUHQFHVDERXWWKHFXUUHQWDQGIXWXUHFRQVHUYDWLRQVWDWHVRIWKRVHIUDJPHQWV
DQGDERXWWKHLUDELOLW\WRSUHVHUYHELRGLYHUVLW\RYHUWLPH6LOYDHWDO7KXV
QDWXUDO UHJHQHUDWLRQ LV DQ LQGLFDWRU RI JUHDW UHOHYDQFH LQ HYDOXDWLQJ DQG
PRQLWRULQJUHFRYHULQJDUHDV5RGULJXHV	*DQGROIL
7KH SUHVHQW VWXG\ WKHUHIRUH LQYHVWLJDWHG WKH UHODWLRQVKLS EHWZHHQ
ODQGVFDSH FRQILJXUDWLRQV SHUFHQWDJH RI IRUHVW FRYHU DQG GLIIHUHQW ODQG XVHV
>PDWUL[ SHUFHQWDJH RI FRIIHH VXJDUFDQH DQG SDVWXUH@ DQG FRPPXQLW\
DWWULEXWHV ULFKQHVV DEXQGDQFH QXPEHUV RI UDUH VSHFLHV DQG QXPEHUV RI
DEXQGDQWVSHFLHVRIDGXOWDQGVDSOLQJWUHHVWRGHWHUPLQHZKHWKHUWKRVHIDFWRUV
LQIOXHQFHEHWD GLYHUVLW\ZLWKLQ DQGDPRQJ IUDJPHQWV:H WKHUHIRUH SRVHG WKH
IROORZLQJTXHVWLRQV L LV WKHDGXOW WUHHFRPPXQLW\VLPLODU LQ WHUPVRIVSHFLHV
FRPSRVLWLRQDQGDOSKDGLYHUVLW\WRWKHUHJHQHUDWLQJWUHHFRPPXQLW\"LL,VWKH



DGGLWLYHSDUWLWLRQLQJRIWKHGLYHUVLW\SDWWHUQRIWKHDGXOWFRPPXQLW\VLPLODUWRWKDW
RI WKHVDSOLQJFRPPXQLW\" LLLGRPDWULFHVVWUXFWXUDOO\VLPLODU WR WKH IUDJPHQW
SHUFHQWDJH RI FRIIHH PDWUL[ DQG IRUHVW FRYHU KDYH SRVLWLYH HIIHFWV RQ EHWD
GLYHUVLW\ DQG RQ WKH FRPPXQLW\ DWWULEXWHV RI ERWK PDWXUH DQG UHJHQHUDWLQJ
WUHHV" LY 'R PDWULFHV WKDW DUH VWUXFWXUDOO\ GLIIHUHQW IURP WKH IUDJPHQWV
SHUFHQWDJHV RI SDVWXUH DQG VXJDU FDQH PDWULFHV KDYH QHJDWLYH HIIHFWV RQ
EHWDGLYHUVLW\DQGRQWKHFRPPXQLW\DWWULEXWHVRIDGXOWDQGUHJHQHUDWLQJWUHHV"
7KLV VWXG\ LV WKH ILUVW WR H[DPLQH WKH HIIHFWV RI PDWUL[ W\SHV RQ WKH EHWD
GLYHUVLWLHVRIERWKDGXOWDQGUHJHQHUDWLQJWUHHVDQGRQHRI WKHILUVW WRDQDO\]H
WKH HIIHFWV RI ODQGVFDSH SDUDPHWHUV RQ UHJHQHUDWLQJ FRPPXQLWLHV 7KHPDMRU
FRQWULEXWLRQRI WKLVZRUN LV WRSURYLGHXVHIXO LQIRUPDWLRQDERXW WKH IDFWRUV WKDW
FRQWURO EHWD GLYHUVLW\ LQ PRGLILHG ODQGVFDSHV HVSHFLDOO\ LQ WKH UHJHQHUDWLQJ
FRPSRQHQW

0HWKRGV
Study area
7KHSUHVHQW VWXG\ZDV FDUULHGRXW LQ HLJKW IRUHVW IUDJPHQWV LQ$OIHQDV
0LQDV *HUDLV 6WDWH LQ VRXWKHDVWHUQ %UD]LO 7DEOH  7KH IRUHVW IUDJPHQWV
SUHVHUYH UHPQDQWV RI 6XEPRQWDQH 6HPLGHFLGXRXV $WODQWLF )RUHVW 7KH PRVW
GRPLQDQW IDPLOLHV DQG VSHFLHV DUH UHVSHFWLYHO\)DEDFHDH 0\UWDFHDH
/DXUDFHDH0HOLDFHDHDQG(XSKRUELDFHDHDQGCopaifera langsdorffiiOcotea 
odorifera Cryptocarya aschersoniana Metrodorea stipularis DQG Miconia 
willdenowii &DUQHLURHW DOXQSXEOLVKHGGDWD7KHDYHUDJHGLVWDQFHVEHWZHHQ
IUDJPHQWVDUH NP7KH UHJLRQDO FOLPDWH LV FODVVLILHGDV&ZEZLWK
DYHUDJHZLQWHUWHPSHUDWXUHLV&DQG&LQWKHVXPPHU7KHDYHUDJH



PRQWKO\SUHFLSLWDWLRQLVPPLQWKHZLQWHUDQGPPLQWKHVXPPHU
WRWDO PP DQQXDOO\ $OYDUHV HW DO  7KH UHOLHI LV SUHGRPLQDQWO\
PRXQWDLQRXVZLWKHOHYDWLRQVUDQJHIURPWRPDVO7KHUHJLRQUHWDLQV
RQO\ DSSUR[LPDWHO\  RI LWV IRUPHU QDWLYH IRUHVW KDELWDW WKH PRVW FRPPRQ
PDWUL[ W\SHV QRZ DUH SDVWXUHV  FRIIHH DQG VXJDU FDQH 
2OLYHWWL
Sample design 
)UDJPHQW VHOHFWLRQZDVFDUULHGRXWE\ FODVVLI\LQJ UHPQDQW IRUHVWDUHDV
E\ GLJLWDO SURFHVVLQJ RI &%(56% VDWHOOLWH LPDJHV FDSWXUHG LQ   P
UHVROXWLRQ 7KH IUDJPHQWV ZHUH VHOHFWHG EDVHG RQ L KDYLQJ VLPLODU
GHJUDGDWLRQOHYHOVWKURXJKFODVVLILFDWLRQVRIWH[WXUHVKDSHDQGFRORUDVSHFWV
LL IUDJPHQW VL]H EHWZHHQ  DQG  KD DQG LLL GLVWDQFH EHWZHHQ
IUDJPHQWVH[FHHGLQJNPWRHQVXUHLQGHSHQGHQFHRIWKHGDWD7HQ[
PSORWVKDZHUHLQVWDOOHGLQHDFKRIWKHHLJKWVWXG\IUDJPHQWVWRWDO 
KD:H UHFRUGHGDQGPHDVXUHGDOO LQGLYLGXDOV WDOOHU WKDQPZLWKLQHDFK
SORW)RUVWDWLVWLFDODQDO\VHVZHGLYLGHG WKH LQGLYLGXDOV LQWR WZRFODVVHVDGXOW
WUHHVLQGLYLGXDOVZLWKGLDPHWHUVDWEUHDVWKHLJKW'%+!FPDQGVDSOLQJV
LQGLYLGXDOVZLWK'%+FPDQGKHLJKW!P:HVHOHFWHGLQGLYLGXDOV!P
WDOO EHFDXVH WKHVHZRXOG KDYH SDVVHG WKH FULWLFDO SHULRG RI VHHGOLQJPRUWDOLW\
DQGVXUYLYHGWKHVWURQJVHOHFWLYHSRVWHVWDEOLVKPHQWHQYLURQPHQWILOWHUV6DOHV
	6FKLDYLQL:HVDPSOHGRQO\VDSOLQJVDVWKH\ZRXOGODWHUFRQVWLWXWHWKH
DGXOWFRPSRQHQW ,QGLYLGXDOVRIVSHFLHV WKDWKDGDOUHDG\EHHQUHFRUGHG LQ WKH
DGXOWFRPSRQHQWDQGRUZRXOGSRWHQWLDOO\JURZWRPLQKHLJKW9LGDO	9LGDO
 ZHUH FRXQWHG DV VDSOLQJV 7KH SRWHQWLDO KHLJKWV RI WKH VSHFLHV ZHUH



YHULILHG LQ WKH 1HR7URS7UHH GDWDEDVH 2OLYHLUD )LOKR  %RWDQLFDO
LGHQWLILFDWLRQVZHUHPDGH LQ WKH ILHOGZKHQ WKLVZDVQRW SRVVLEOH VSHFLPHQV
ZHUH FROOHFWHG IRU SRVWHULRU LGHQWLILFDWLRQ E\ VSHFLDOLVWV 7KH $QJLRVSHUP
3K\ORJHQ\*URXS,,,$3*,9V\VWHPZDVXVHGIRUVSHFLHVLGHQWLILFDWLRQV
DQGFODVVLILFDWLRQ
 
Landscape composition and community attributes 
$DEXIIHURIPIURP WKHFHQWHURIHDFK IUDJPHQWZDVFRQVLGHUHG
DQG WKH SHUFHQW FRYHU RI ODQGVFDSH FRPSRQHQWV ZLWKLQ WKH EXIIHU DUHD ZHUH
FDOFXODWHG XVLQJ $UF*,6 9HUVLRQ  (65, DQG )UDJVWDWV VRIWZDUH
0F*DULJDO	0DUNV7KHSURSRUWLRQRIIRUHVWFRYHUZDVFDOFXODWHGXVLQJ
WKHIRUPXODAf ʌ*r ²*PF)/100ZKHUHAfLVWKHWRWDODUHDRIWKHIRUHVWIRUHVW
ʌr ² LV WKHDUHDRI WKHEXIIHUDURXQG WKHFHQWUDO IUDJPHQW DQGPF LV WKH WRWDO
SURSRUWLRQRIIRUHVWZLWKLQUDGLXVrRIHDFKEXIIHU:HXVHGWKHHTXDWLRQAm 
ʌr²*PM)/100ZKHUHAmLVWKHVXPRIDQWKURSRJHQLFKDELWDWPDWUL[DUHDVDQG
PM LV WKH WRWDOSURSRUWLRQRIKDELWDWPDWUL[ZLWKLQHDFKEXIIHU IRUFDOFXODWH WKH
SURSRUWLRQV RI WKH EXIIHU DUHD FRYHUHG E\ HDFK RI FRIIHH SDVWXUH DQG
VXJDUFDQH$OOODQGVFDSHPHWULFVZHUHORJWUDQVIRUPHG
7KH FRPPXQLW\ DWWULEXWHV ZHUH VSHFLHV ULFKQHVV DEXQGDQFH RI
LQGLYLGXDOVQXPEHURIUDUHVSHFLHVVLQJOHWRQVSHFLHVDQGHYHQQHVV
 
Statistical analyses
7KH %UD\&XUWLV 6LPLODULW\ ,QGH[ ZDV XVHG WR H[DPLQH WKH IORULVWLF
VLPLODULW\ EHWZHHQ WKH DGXOW DQG VDSOLQJ OD\HUV 0DJXUUDQ  D
3(50$129$WHVWZDVXVHGWRGHWHUPLQHLIWKHIORULVWLFFRPSRVLWLRQVRIWKHWZR



OD\HUV GLIIHUHG7KHVH DQDO\VHV ZHUH SHUIRUPHG XVLQJ 3&25' VRIWZDUH :H
XVHGGLYHUVLW\SURILOHV WRHYDOXDWHDQGFRPSDUH WKHGLYHUVLW\RIVSHFLHV LQ WKH
WZROD\HUVDQGWRGHWHUPLQHLIWKHGLIIHUHQFHVEHWZHHQWKHPZHUHGXHWRUDUHRU
DEXQGDQW VSHFLHV 7yWKPpUpV]  :H FDOFXODWHG GLYHUVLW\ SURILOHV XVLQJ
+LOO¶V6HULHV LQ3$67VRIWZDUH +DPPHU	+DUSHU ,Q WKLV VHULHVZKHQ
DOSKD +LOO¶V QXPEHU QXPEHU RI VSHFLHV 6 ZKHQ DOSKD +LOO¶V QXPEHU 
H[SRQHQWLDO+¶DQGZKHQDOSKD +LOO
VQXPEHU WKHLQYHUVHRIWKH6LPSVRQ
'RPLQDQFH,QGH['
7KHDGGLWLYHSDUWLWLRQLQJRIVSHFLHVGLYHUVLW\ZDVXVHGWRGHWHUPLQHKRZ
GLYHUVLW\ YDULDWLRQV RFFXUHG DW GLIIHUHQW VFDOHV SORWV DQG IUDJPHQWV IRU ERWK
OD\HUV &ULVWet al.  $QGHUVRQet al.  ,Q WKH DGGLWLYH SDUWLWLRQLQJ RI
VSHFLHVGLYHUVLW\WKHWRWDOVSHFLHVULFKQHVVȖRIDVHWRIVDPSOHVLVGLYLGHGE\
WKHDYHUDJHULFKQHVVRIWKHVDPSOHVĮDQGE\WKHDYHUDJHULFKQHVVDEVHQWLQ
HDFKVDPSOH ȕ ,Q WKDWZD\Ȗ Įȕȕ ȕQZKHUHQ QXPEHURI
OHYHOV DQGȕQ ĮQ  ĮQ &ULVWet al 7KHDYHUDJHGLYHUVLWLHVRI WKH
SORWV OHYHODQG IUDJPHQWV OHYHOZHUHFDOFXODWHGDVFRPSRQHQWVRI WRWDO
GLYHUVLW\ LQRUGHUWRGHWHUPLQHWKHVSDWLDOYDULDWLRQVRIGLYHUVLW\7KLVREVHUYHG
GLYHUVLW\ZDV FRPSDUHG WR D QXOO GLYHUVLW\ GLVWULEXWLRQPRGHO FRQVLVWLQJ RI WKH
PHDQ GLYHUVLW\ REWDLQHG WKURXJK  UDQGRPL]DWLRQV 7KHVH 
UDQGRPL]DWLRQV FUHDWH WKH H[SHFWHG GLYHUVLW\ LI WKH GLVWULEXWLRQV RI LQGLYLGXDOV
DUH UDQGRP 7KH H[SHFWHG GLYHUVLW\ ZDV FDOFXODWHG XVLQJ 3DUWLWLRQ VRIWZDUH
&ULVWHWDO
:H SHUIRUPHG D 3DUWLDO 5HGXQGDQF\ $QDO\VLV 35'$ 5DR  LQ
RUGHU WR GHWHUPLQH ZKHWKHU ODQGVFDSH FRQILJXUDWLRQV &29(5 DQG 0$75,;
DQG JHRJUDSKLFDO GLVWDQFHV EHWZHHQ IUDJPHQWV ZHUH DEOH WR H[SODLQ WKH



YDULDWLRQV LQ WKH EHWD GLYHUVLWLHV RI HDFK OD\HU DPRQJ WKH GLIIHUHQW IUDJPHQWV
7KLV DQDO\VLV DOORZHG WKH UHPRYDO RI WKH LQIOXHQFH RI D VHW RI H[SODQDWRU\
YDULDEOHV IRUH[DPSOHJHRJUDSKLFDOGLVWDQFHEHIRUHHYDOXDWLQJDVHFRQGVHW
IRUH[DPSOHODQGVFDSHFRQILJXUDWLRQWKDWLVZHZHUHDEOHWRTXDQWLI\WKLVZD\
WKHLQIOXHQFHRIODQGVFDSHFRQILJXUDWLRQLQGHSHQGHQWO\RIJHRJUDSKLFDOGLVWDQFH
DQG YLFH YHUVD /HJHQGUH HW DO  )RU WKLV DQDO\VLV ZH XVHG WKUHH GDWD
PDWULFHV WKH PDWUL[ ZLWK WKH QXPEHUV RI LQGLYLGXDOV SHU VSHFLHV LQ HDFK
IUDJPHQWWKHPDWUL[ZLWKWKHJHRJUDSKLFFRRUGLQDWHVRIHDFKIUDJPHQWDQGWKH
PDWUL[ RI ODQGVFDSH SDUDPHWHUV 7KH PDWUL[ RI ODQGVFDSH SDUDPHWHUV ZDV
VXEMHFWHGWRDVHOHFWLRQRIYDULDEOHVVWHSZLVH&&$WRRSWLPL]HWKHFRUUHODWLRQ
EHWZHHQ D VXEVHW RI ODQGVFDSH YDULDEOHV DQG WKH PDWUL[ RI LQGLYLGXDOV 7KH
FDOFXODWLRQVRIKRZODQGVFDSHSDUDPHWHUVZHUHVHOHFWHGE\VWHSZLVH&&$DQG
KRZJHRJUDSKLFDOGLVWDQFHFDQH[SODLQWKHYDULDWLRQVLQEHWDGLYHUVLW\EHWZHHQ
WKH IUDJPHQWV ZDV SHUIRUPHG DFFRUGLQJ WR /HJHQGUH HW DO  XVLQJ WKH
µYHJDQ¶SDFNDJH 2NVDQHQHWDO  LQ WKH5HQYLURQPHQW 5'HYHORSPHQW
&RUH 7HDP  YHUVLRQ  7KH VLJQLILFDQFH RI WKH SHUFHQW RI YDULDQFH
H[SODQHG ZDV HYDOXDWHG DFFRUGLQJ WR WKH SHUPXWDWLRQ PHWKRG GHVFULEHG E\
/HJHQGUH	/HJHQGUHSHUIRUPLQJSHUPXWDWLRQV
*HQHUDOL]HG/LQHDU0RGHOV */0ZHUHXVHG WRH[DPLQH WKHHIIHFWV RI
HDFKODQGVFDSHSDUDPHWHUSHUFHQWDJHIRUHVWFRYHUDQGWKHSHUFHQWDJHRIHDFK
PDWUL[ RQ FRPPXQLW\ DWWULEXWHV VSHFLHV ULFKQHVV DEXQGDQFH RI LQGLYLGXDOV
QXPEHUVRIUDUHVSHFLHVDQGQXPEHUVRIDEXQGDQWVSHFLHV:HUDQWKH*/0
ZLWK D ORJ IXQFWLRQ DQG 3RLVVRQ GLVWULEXWLRQ WR PRGHO WKH UHVSRQVH GDWD 7R
DVVHVV WKH SHUIRUPDQFH RI WKHPRGHOV ZH HPSOR\HG WKH $NDLNH ,QIRUPDWLRQ
&ULWHULRQFRUUHFWHGIRUVPDOOVDPSOHVL]HV$,&F%XUQKDPDQG$QGHUVRQ



7KHEHVWPRGHOZDVEDVHGRQWKHORZHVW$,&FYDOXH%XUQKDPDQG$QGHUVRQ
:HDOVRFRQVLGHUHGRWKHU LQGLFHV WRHYDOXDWHPRGHO VXSSRUW LQFOXGLQJ
WKH GLIIHUHQFH EHWZHHQ PRGHO $,&F DQG WKH PLQLPXP $,&F ǻ$,&F ZKHUH
PRGHOV ZLWK ǻ$,&F   DUH FRQVLGHUHG DV KDYLQJ VXEVWDQWLDO VXSSRUW DQG
$NDLNH ZHLJKWV Z$,& ZKLFK GHVFULEH WKH VWUHQJWK RI WKH HYLGHQFH IRU WKH
PRGHO 7KLV FDQ EH LQWHUSUHWHG DV WKH SUREDELOLW\ WKDW WKH PRGHO LV WKH EHVW
PRGHO DPRQJ WKH VHW RI PRGHOV EHLQJ FRQVLGHUHG %XUQKDP DQG $QGHUVRQ
 $OO PRGHOV ZHUH YDOLGDWHG E\ WHVWV WKDW YHULILHG WKH QRUPDOLW\ DQG
LQGHSHQGHQFHRIWKHUHVLGXDOV

5HVXOWV
Composition, diversity, and community similarities  
:H VDPSOHG  LQGLYLGXDO DGXOW WUHHV  VSHFLHV DQG  IDPLOLHV
'%+   FP LQ WKH HLJKW IUDJPHQWV 7KH ULFKHVW IDPLOLHV ZHUH )DEDFHDH
 /DXUDFHDH  0\UWDFHDH  DQG 0HOLDFHDH  7KH PRVW
DEXQGDQW DQG IUHTXHQW VSHFLHV ZHUH Copaifera langsdorffii, Cryptocarya 
aschersoniana, Miconia willdenowii, DQG Ocotea odorifera6L[W\SHUFHQWRIWKH
PRVWDEXQGDQWVSHFLHVZHUHFODVVLILHGDVFOLPD[VSHFLHV6ZDLQH	:KLWPRUH
±VKDGHWROHUDQFHIRUVHHGJHUPLQDWLRQDQGVHHGOLQJJURZWK
$ WRWDORI LQGLYLGXDOV VSHFLHVDQG IDPLOLHVZHUHVDPSOHG LQ
WKH UHJHQHUDWLQJ OD\HU '$3   FP +   P 7KH ULFKHVW IDPLOLHV ZHUH
)DEDFHDH  0\UWDFHDH  0HOLDFHDH  /DXUDFHDH  DQG
(XSKRUELDFHDH 7KHPRVWDEXQGDQWDQG IUHTXHQW VSHFLHVZHUHCupania 
zanthoxyloides, Trichilia emarginata, Trichilia pallida, DQG Eugenia acutata 



7DEOH  1LQHW\ SHUFHQW RI WKH PRVW DEXQGDQW VSHFLHV ZHUH FODVVLILHG DV
FOLPD[VSHFLHV
7KHWZR OD\HUVKDGWKHVDPHHVWLPDWHGULFKQHVVDOWKRXJKWKHGLYHUVLW\
RIWKHUHJHQHUDWLQJVSHFLHVZDVJUHDWHUWKDQDGXOWWUHHGLYHUVLW\LQGHSHQGHQWRI
WKHGLYHUVLW\ LQGH[XVHG)LJ ,QGLYLGXDOVSHFLHVZHUHEHWWHUGLVWULEXWHG WKDW
LV WKHUH ZDV QR GRPLQDQFH RI DQ\ VSHFLHV LQ WKH VDSOLQJ OD\HU ZKLOH DGXOW
WUHHV VKRZHG FRQVLGHUDEOH VSHFLHV GRPLQDQFH 7KH  PRVW DEXQGDQW DGXOW
WUHHVSHFLHVUHSUHVHQWHGRIDOOLQGLYLGXDOVDQGRIWKHVSHFLHVZHUH
UHSUHVHQWHGE\RQO\DVLQJOH LQGLYLGXDO ,Q WKHUHJHQHUDWLQJ OD\HU WKHPRVW
DEXQGDQW VSHFLHV FRPSULVHG  RI DOO LQGLYLGXDOV ZLWK RQO\  RI VSHFLHV
EHLQJUDUHRQHLQGLYLGXDO
$OWKRXJK WKH WZR OD\HUVKDGVSHFLHV LQFRPPRQRI WKHDGXOW
WUHHV DQG  RI WKH UHJHQHUDWLQJ WUHHV ± FRQVLGHULQJ DOO HLJKW IUDJPHQWV
VSHFLHV VLPLODULW\ EHWZHHQ WKH OD\HUV ZDV ORZ  DQG WZR ZHOOGHILQHG
JURXSVRIVSHFLHVZHUHLGHQWLILHGDGXOWVDQGVDSOLQJWUHHV) S 
)LJ:KHQWKHIUDJPHQWVZHUHDQDO\]HGVHSDUDWHO\ WKHIORULVWLFGLIIHUHQFHV
EHWZHHQ WKH WZR OD\HUV ZDV HYHQ PRUH HYLGHQW ZLWK PRUH WKDQ  RI WKH
VSHFLHV SUHVHQW LQ WKH IUDJPHQWV EHLQJ H[FOXVLYH WR MXVW RQH OD\HU ZLWK
VLPLODULWLHVUDQJLQJIURPWR)LJ)XUWKHUPRUHWKHSURSRUWLRQVRIWKH
DGXOWVSHFLHVRFFXUULQJLQWKHUHJHQHUDWLQJOD\HUZHUHDOVRORZ±QRWH[FHHGLQJ
LQDQ\RIWKHIUDJPHQWV)LJ
7KLV KLJK QXPEHU RI H[FOXVLYH VSHFLHV ZDV UHIOHFWHG LQ EHWD GLYHUVLW\
7KHEHWDGLYHUVLW\ZLWKLQ IUDJPHQWVZDVKLJKHU WKDQH[SHFWHGE\FKDQFH S
 UHSUHVHQWLQJPRUH WKDQRI GLYHUVLW\ZLWKLQ WKH IUDJPHQWV IRUERWK
OD\HUV)LJDQG7KHEHWDGLYHUVLW\EHWZHHQIUDJPHQWVZDVDOVRKLJKDQG



KLJKHUWKDQH[SHFWHGE\FKDQFHEXWGLVVLPLODULW\LQWKHDGXOWOD\HUZDVRI
JDPPDGLYHUVLW\ )LJ  EHLQJ JUHDWHU WKDQ WKH JDPPDGLYHUVLW\ LQ WKH
VDSOLQJOD\HU)LJ
Effects of landscape parameters on community attributes  
$QDO\VHVRI WKHYDULDWLRQVRI WKHSDUWLWLRQLQJRIEHWD EHWDGLYHUVLW\RI
IUDJPHQWV GLYHUVLW\ LQ SXUHO\ VSDWLDO SXUHO\ HQYLURQPHQWDO DQG LQ WKH
HQYLURQPHQWVWUXFWXUHGE\VSDFHUHYHDOHGWKDWWKHYDULDWLRQVLQEHWDGLYHUVLW\
RI L WKHVDSOLQJ OD\HUZDV UHODWHG WR WKHSHUFHQWDJHRISDVWXUH LQ WKHPDWUL[
) S EXWLLWKHDGXOWOD\HULWZDVQRWH[SODLQHGE\
DQ\RIWKHODQGVFDSHSDUDPHWHUV7KLVDQDO\VLVDOVRUHYHDOHGWKDWWKHGLVWDQFH
EHWZHHQIUDJPHQWVGLGQRWDIIHFWEHWDGLYHUVLW\HLWKHUDPRQJDGXOWWUHHV)
 S RUDPRQJVDSOLQJV) S 
5LFKQHVV DEXQGDQFH DQG QXPEHU RI DEXQGDQW VSHFLHV LQ WKH
UHJHQHUDWLQJFRPPXQLW\ZHUHSRVLWLYHO\UHODWHGZLWKWKHSHUFHQWFRYHURISDVWXUH
LQ WKH PDWUL[ 7DEOH  1RQH RI WKH DWWULEXWHV RI WKH DGXOW FRPPXQLW\ZHUH
DIIHFWHGE\DQ\ODQGVFDSHSDUDPHWHU

'LVFXVVLRQ
$VVHPEODJH FRPSDULVRQV EHWZHHQ WKH WZR OD\HUV GHPRQVWUDWHG WKDW
WUHHVULFKQHVVDQGGLYHUVLW\LQWKHIUDJPHQWVZLOOSUREDEO\SHUVLVWIRUDORQJWLPH
VLQFHWKHVDSOLQJIXWXUHFRPPXQLW\KDVKLJKGLYHUVLW\DQGULFKQHVVRIVSHFLHV
7KHUHDUHLQGLFDWLRQVKRZHYHUWKDWDOWHUDWLRQVGXHWRODQGVFDSHIUDJPHQWDWLRQ
HVSHFLDOO\ZLWKWKHSUHVHQFHRISDVWXUHVPD\EHDOWHULQJWKHFRPSRVLWLRQRIWKH
QHZ IUDJPHQW DVVHPEOLHV 7KH WZR OD\HUV VKRZHG KLJK EHWD GLYHUVLW\ ERWK



ZLWKLQDQGDPRQJIUDJPHQWV LQGLFDWLQJWKDWWKHVHIUDJPHQWVGLGQRWDSSHDUWR
KDYH H[SHULHQFHG VSHFLHV KRPRJHQL]DWLRQ +RZHYHU FDQRS\ DQG VDSOLQJ
OD\HUV ZHUH YHU\ GLVVLPLODU LQ WHUPV RI WKHLU IORULVWLF FRPSRVLWLRQV 7KH
UHJHQHUDWLQJ FRPPXQLWLHV LQ WKH IUDJPHQWV DOWKRXJKPRUH GLYHUVH DQGPRUH
HTXLWDEOH WKDQ WKH DGXOW FRPPXQLW\ VKRZHG JUHDWHU VLPLODULWLHV LQ WKHLU
FRPSRVLWLRQV ORZHU EHWD GLYHUVLW\ $GGLWLRQDOO\ EHWD GLYHUVLW\ WRWDO ULFKQHVV
DQGDEXQGDQFHRIVSHFLHV LQ WKHVDSOLQJ OD\HUZHUHSRVLWLYHO\DIIHFWHGE\ WKH
SHUFHQWDJH RI SDVWXUH LQ WKH VXUURXQGLQJ PDWUL[ ZKLOH WKH QXPEHU RI UDUH
VSHFLHVLQWKLVOD\HUZDVQHJDWLYHO\UHODWHGWRSDVWXUHFRYHU
7KH DGXOW OD\HU SUHVHQWHG EHWD GLYHUVLW\ ERWK ZLWKLQ DQG EHWZHHQ
IUDJPHQWVZDVYHU\KLJKPHDQLQJWKDWWKHIUDJPHQWVZHUHKHWHURJHQHRXVDQG
PDLQWDLQHGKLJKVSHFLHVGLYHUVLW\OHYHOV2XUDQDO\VHVDOVRVKRZHGWKDWPRVWRI
WKHDEXQGDQWVSHFLHVZHUHFOLPD[VSHFLHVFRQWUDU\WKHH[SHFWDWLRQWKDWWKHVH
HQYLURQPHQWVZRXOGEHGRPLQDWHGE\SLRQHHUVVSHFLHV/DXUHQFHHWDO
6RPH DXWKRUV KDYH VXJJHVWHG WKDW ODQGVFDSH FRQILJXUDWLRQV FRXOG KHOS
PDLQWDLQWUHHGLYHUVLW\LQIUDJPHQWHGHQYLURQPHQWV&DUQHLURHWDO$UUR\R
5RGULJXH] HW DO  +LJK IRUHVW FRYHU IRU H[DPSOH LQ DGGLWLRQ WR OHVV
LQRVSLWDEOH PDWULFHV FRXOG OHVVHQ HGJH HIIHFW DQG IDFLOLWDWH GLVSHUVDO WKXV
KHOSLQJ WRPDLQWDLQVSHFLHV ULFKQHVV LQ IRUHVW UHPQDQWV 0HVTXLWDHWDO
+HUQDQGH]5XHGDVHWDO,QWKLVVWXG\KRZHYHUWKHKLJKREVHUYHGEHWD
GLYHUVLW\ FRXOG QRW EH DWWULEXWHG WR IRUHVW FRYHU DQG PDWUL[ W\SH DV QRQH RI
WKHVH SDUDPHWHUV ZDV UHODWHG WR DGXOW FRPPXQLW\ DWWULEXWHV:H EHOLHYH WKDW
WKLVRFFXUEHFDXVHWKHDGXOWWUHHVKDYLQJORQJOLIHVSDQVZHUHDOUHDG\SUHVHQW
EHIRUH IUDJPHQWDWLRQRFFXUUHGDQG WKHUHIRUHZHUHQRWDIIHFWHGE\ WKHFXUUHQW



ODQGVFDSHFRQILJXUDWLRQV+RZHYHUZHFDQQRWWHVWWKLVK\SRWKHVLVVLQFHZHGR
QRWKDYHGDWDRIIUDJPHQWVEHIRUHWKHIUJDPHQWDWLRQSURFHVV
:H EHOLHYH WKDW IUDJPHQWDWLRQ SURFHVVHV DIIHFW DGXOW WUHHV LQGLYLGXDOO\
ZLWKJUHDWHU LPSDFWVRQWKHLUJURZWKDQGUHSURGXFWLRQ7ZRIDFWVUHLQIRUFHWKLV
K\SRWKHVLV ILUVW SUHYLRXV ZRUN LQ WKH VDPH DUHDV VKRZHG WKDW WKH DGXOW
FRPPXQLW\ GHPRQVWUDWHG VWUXFWXUDO WUDLWV RI UHFHQWO\ GLVWXUEHG FRPPXQLWLHV
VXFK DV VKRUWHU DQG WKLQQHU LQGLYLGXDOV &DUQHLUR HW DO XQSXEOLVKHG GDWD
DOWKRXJK KLJK VSHFLHV GLYHUVLW\ ZDV PDLQWDLQHG LQFOXGLQJ VRPH HQGDQJHUHG
VSHFLHV6HFRQG WKHUHVXOWVRI WKHSUHVHQWVWXG\VKRZHG WKDW WKHQXPEHUVRI
DGXOWWUHHVSHFLHVLQWKHVDSOLQJFRPPXQLW\ZHUHYHU\ORZFRPSDUHGWR
RWKHUV VWXGLHV 3UDWD HW DO  6RX]D HW DO 0LOKRPHP HW DO 
VXJJHVWLQJSUREOHPVZLWKDGXOWWUHHVSHFLHVUHSURGXFWLRQ
7KH VDSOLQJ OD\HU KDG IHZHU QXPEHUV RI GRPLQDQW DQG UDUH VSHFLHV
ZKLFKUHVXOWHGLQKLJKGLYHUVLW\7KHEHWDGLYHUVLW\DPRQJIUDJPHQWVZDVORZHU
WKDQ WKDW IRXQG IRU WKH DGXOW OD\HU EXW ZDV QRQHWKHOHVV YHU\ KLJK 
VXJJHVWLQJ WKDW WKH IORUD RI WKLV OD\HU LV QRW H[SHULHQFLQJ KRPRJHQL]DWLRQ
)XUWKHUPRUHWKHPRVWDEXQGDQWVSHFLHVZHUHDOVRFOLPD[VSHFLHV&RQWUDU\WR
RXUH[SHFWDWLRQV WKHSDVWXUHFRYHU LQWKHPDWUL[EHQHILWHGVSHFLHVGLYHUVLW\ LQ
WKHUHJHQHUDWLQJ OD\HU7KHIUDJPHQWVZLWK WKHKLJKHVWSHUFHQWDJHVRISDVWXUH
PDWUL[ IUDJPHQWV  DQG  KDG WKH PRVW GLYHUVH VDSOLQJ FRPPXQLWLHV :H
H[SHFWHG WKDW JUHDWHU IRUHVW FRYHU DQG FRIIHHPDWULFHV ZKLFK DUH VWUXFWXUDOO\
PRUHVLPLODUWRIRUHVWVZRXOGEHQHILW WKHFRPPXQLW\ZKLOHWKHVXJDUFDQHDQG
SDVWXUHPDWULFHV ZRXOG EHPRUH LQKRVSLWDEOH DQG SUHMXGLFLDO 0HVTXLWD HW DO
 ± EHFDXVH PDWULFHV VWUXFWXUDOO\ VLPLODU WR IUDJPHQWV FDQ VRIWHQ HGJH
HIIHFW DQG FUHDWH EXIIHU ]RQHV WKDW KHOS PDLQWDLQ D PLOGHU PLFURFOLPDWH



+HUQDQGH]5XHGDV HW DO  7KH\ FDQ DOVR DFW DV IUDJPHQW H[WHQVLRQV
SURYLGLQJIRRGDQGVKHOWHUIRUZLOGOLIH+HUQDQGH]5XHGDVHWDO3DVWXUH
KRZHYHUUHSUHVHQWVDKDUVKHUKHUEDFHRXVPDWUL[WKDWFRXOGKDYHWKHRSSRVLWH
HIIHFWRQIRUHVWIUDJPHQWV0HVTXLWDHWDO
2XU K\SRWKHVLV WR DFFRXQW IRU WKLV XQH[SHFWHG UHVXOW LV WKDW WKH
PDQDJHPHQW RI WKRVH PDWULFHV KDV PRUH LPSDFW RQ WUHH FRPPXQLWLHV WKDQ
VLPSO\ WKH PDWUL[ VWUXFWXUH RU IRUHVW FRYHU 3DVWXUH LV WKH PDWUL[ ZLWK WKH
ORZHVWPDQDJHPHQW LQWHQVLW\ DPRQJ WKH WKUHH ODQG FRYHU W\SHV LQ WKHPDWUL[
DQDO\]HG /DUJH DPRXQWV RI IHUWLOL]HU DQG SHVWLFLGHV DUH DSSOLHG WR FRIIHH
SODQWDWLRQVWZRRUWKUHHWLPHVD\HDU&DUYDOKR6WXGLHVKDYHVKRZQWKDW
WKHVH FKHPLFDO SURGXFWV GHFUHDVH QDWLYH SODQW ULFKQHVV 6WRDWH HW DO 
%HQJWVVRQHWDO*DEULHOHWDO/LLUDHWDO.OHLMQHWDO
&RIIHH KDUYHVWLQJ LV DOVR SHUIRUPHG PHFKDQLFDOO\ RQ VRPH SURSHUWLHV DQG
VWXGLHV KDYH DOVR UHYHDOHG WKDW PHFKDQL]HG DJULFXOWXUH ORZHUV QDWLYH SODQW
ULFKQHVV )ORKUH HW DO  /LQGERUJ HW DO  3HVWLFLGHV DUH OLNHZLVH
DSSOLHG LQ WKH VXJDU FDQH PDWUL[ DQG ILUH LV XVHG WR IDFLOLWDWH KDUYHVWLQJ
/HKWRQHHWDO)LUHLQWKHVXJDUFDQHPDWULFHVFRXOGUHDFKWKHLQWHULRUVRI
WKHIUDJPHQWVDQGFDXVHVLJQLILFDQWGDPDJHVXFKDVWKHGHDWKRUGLVSODFHPHQW
RI DQLPDOV DQG SODQWV DV ZHOO DV VHHG EDQN GDPDJH .OHUWRQ HW D 
3DVWXUHVLQWKHVWXG\UHJLRQRQWKHRWKHUKDQGDUHRQO\SHUIXQFWRULO\PDQDJHG
7KHUHZHUHXVXDOO\YHU\ IHZDQLPDOV LQ WKHSDVWXUHVDQGPDQ\ LVRODWHG WUHHV
GLVWULEXWHG WKURXJKRXW WKHP 9HJQHU  *RQoDOYHV  $GGLWLRQDOO\ QR
SHVWLFLGHDSSOLFDWLRQVPDFKLQHU\RUILUHVZHUHREVHUYHGLQWKDWPDWUL[W\SH$
VWXG\ LQ 6ZHGHQ VKRZHG WKDW OHVVPDQDJHG ODQGVFDSHV KDYH KLJK VSHFLHV
ULFKQHVV DQG FDQ PDLQWDLQ VSHFLHV SRROV DW UHJLRQDO VFDOHV /LQGERUJ HW DO



7KRVHDXWKRUVDOVRIRXQGWKDWHYHQVPDOOODQGVFDSHWUDLWVVXFKDVWUHHV
GLVWULEXWHG LQ SDVWXUHV FDQ VHUYH DV UHIXJHV DQG VWHSSLQJ VWRQHV IRUZLOGOLIH
DQG VKRXOG WKHUHIRUH EH FRQVLGHUHG IXQFWLRQDO SDUWV RI WKH IUDJPHQWV 7KRVH
VFDWWHUHG WUHHV FDQ FRQWULEXWH WR GLVSHUVDO EHWZHHQ IUDJPHQWV HQKDQFH
FRORQL]DWLRQ DQG UHGXFH ORFDO H[WLQFWLRQ UDWHV WKXV PLWLJDWLQJ WKH QHJDWLYH
HIIHFWVRI IUDJPHQWDWLRQ 7VFKDUQWNHHWDO.OHLMQ	%DOGL&RXVLQV
 $QRWKHU VWXG\ GHYHORSHG LQ D GLIIHUHQW SDUW RI (XURSH VKRZHG WKDW
DJULFXOWXUDOLQWHQVLILFDWLRQPHFKDQL]DWLRQSHVWLFLGHVXVHKDVUHGXFHGQRWRQO\
QDWLYHSODQWV ULFKQHVVEXWDOVRVSHFLHV WXUQRYHU )ORKUHHWDO  ,QRWKHU
ZRUGV LW ZDV SUREDEO\ QRW WKH SDVWXUH  LWVHOI WKDW EHQHILWHG WKH UHJHQHUDWLQJ
FRPPXQLW\EXWUDWKHULWVPDQDJHPHQWUHJLPHRUWKHDEVHQFHRIPDQDJHPHQW
LQWKRVHDUHDV
7KLV VWXG\ LV RQH RI WKH ILUVW WR H[DPLQH WKH HIIHFWV RI ODQGVFDSH
FRQILJXUDWLRQVRQVDSOLQJFRPPXQLWLHVDQGSUHVHQWVQXPHURXVFRQFOXVLRQVD
WKHIXWXUHWUHHFRPPXQLW\ZLOOSUREDEO\EHYHU\GLIIHUHQW IURPWKHFXUUHQWDGXOW
FRPPXQLW\DOWKRXJKFRQWUDU\WRRXUSUHGLFWLRQVLWZLOOEHPRUHGLYHUVHDQGZLOO
KDYH ODUJH QXPEHUV RI FOLPD[ VSHFLHV ZLWK JUHDWHU VLPLODULWLHV DPRQJ WKH
IUDJPHQWV DQG E DGXOW FRPPXQLW\ DWWULEXWHV DUH QRW JRRG LQGLFDWRUV RI WKH
HIIHFWV RI ODQGVFDSH FKDQJHV ZLWK UHJHQHUDWLQJ OD\HU DWWULEXWHV EHLQJ EHWWHU
PHDVXUHVRIWKHLPSDFWVRIIUDJPHQWDWLRQHIIHFWV
2XU ZRUN DOVR KDV SUDFWLFDO LPSOLFDWLRQV IRU FRQVHUYDWLRQ :H
UHFRPPHQGWKDWPDQDJHPHQWDQGFRQVHUYDWLRQVSURMHFWVFRQVLGHUDQGPRQLWRU
VDSOLQJOD\HUFKDUDFWHULVWLFV±EHFDXVHWKH\UHVSRQGPRUHYLVLEO\WRODQGVFDSH
DOWHUDWLRQVFKDQJHVDQGUHSUHVHQWWKHIXWXUHDGXOWFRPPXQLW\$GGLWLRQDOO\ZH
VXJJHVW UHGXFLQJ RU DYRLGLQJPDWUL[PDQDJHPHQW PHFKDQL]DWLRQ SHVWLFLGHV



DQG WKH XVH RI ILUH QHDU IUDJPHQWV WR PDLQWDLQ WUHH GLYHUVLW\'HVSLWH WKH
QXPHURXV FRQWULEXWLRQV RXU VWXG\ GLG QRW FRQVLGHU WKH IXQFWLRQDO DQG
SK\ORJHQHWLFGLYHUVLW\RI WKH IUDJPHQWV VRZHVXJJHVW WKDW WKHVHDSSURDFKHV
EHFRQVLGHUHGLQIXWXUHZRUNV

5HIHUHQFHV
$OYDUHV && 6WDSH -/ 6HQWHOKDV 36 *RQoDOYHV -/0 6SDURYHN * 
.|SSHQ¶V FOLPDWH FODVVLILFDWLRQ PDS IRU %UD]LO 0HWHRURORJLVFKH =HLWVFKULIW
±
$QGHUVRQ 0- &ULVW 72 &KDVH -0 HW DO  1DYLJDWLQJ WKH PXOWLSOH
PHDQLQJV RI EHWD GLYHUVLW\ D URDGPDS IRU WKH SUDFWLFLQJ HFRORJLVW (FRORJ\
/HWWHUV̄
$UUR\R5RGUtJXH] 9 5|V 0 (VFREDU ) 0HOR )3/ 6DQWRV %$ HW DO 
3ODQWȕGLYHUVLW\ LQ IUDJPHQWHGUDLQIRUHVWV WHVWLQJ IORULVWLFKRPRJHQL]DWLRQDQG
GLIIHUHQWLDWLRQK\SRWKHVHV-RXUQDORI(FRORJ\±
%HQJWVVRQ-$KQVWUR0-:HLEXOO$&7KHHIIHFWVRIRUJDQLFDJULFXOWXUH
RQ ELRGLYHUVLW\ DQG DEXQGDQFH D PHWDDQDO\VLV -RXUQDO RI $SSOLHG (FRORJ\
±
%LOOHWHU5/LLUD-%DLOH\'HWDO,QGLFDWRUVIRUELRGLYHUVLW\LQDJULFXOWXUDO
ODQGVFDSHVDSDQǦ(XURSHDQVWXG\-RXUQDORI$SSOLHG(FRORJ\
%XUQKDP.3$QGHUVRQ'5.XOOEDFN/HLEOHU LQIRUPDWLRQDV DEDVLV IRU
VWURQJLQIHUHQFHLQHFRORJLFDOVWXGLHV:LOGOLIH5HVHDUFK
&DUQHLUR 06 &DPSRV &&) 5DPRV )1 6DQWRV )$0  6SDWLDO VSHFLHV
WXUQRYHU PDLQWDLQV KLJK GLYHUVLWLHV LQ D WUHH DVVHPEODJH RI D IUDJPHQWHG
WURSLFDOODQGVFDSH(FRVSKHUHH



&DUYDOKR )3  $JULFXOWXUH SHVWLFLGHV IRRG VHFXULW\ DQG IRRG
VDIHW\(QYLURQPHQWDO6FLHQFH	3ROLF\
&DVWLOKR ))$  (FRQRPLD 6XO0LQHLUD R DEDVWHFLPHQWR LQWHUQR H D
H[SDQVmR FDIHHLUD  5HYLVWD GH +LVWyULD (FRQ{PLFD H (FRQRPLD
5HJLRQDO$SOLFDGD±
&LDQFLDUXVR 09 6LOYD ,$ %DWDOKD 0$  3K\ORJHQHWLF DQG IXQFWLRQDO
GLYHUVLWLHVQHZDSSURDFKHVWRFRPPXQLW\(FRORJ\%LRWD1HRWURSLFD
&RQGLW 5 6XNXPDU 5 +XEEHOO 63 )RVWHU 5%  3UHGLFWLQJ SRSXODWLRQ
WUHQGV IURP VL]H GLVWULEXWLRQ D GLUHFW WHVW LQ D WURSLFDO WUHH FRPPXQLW\7KH
$PHULFDQ1DWXUDOLVW
&RXVLQV6$23ODQWVSHFLHVULFKQHVV LQPLGILHOG LVOHWVDQGURDGYHUJHV
WKHHIIHFWRIODQGVFDSHIUDJPHQWDWLRQ%LRORJLFDOFRQVHUYDWLRQ
&ULVW 72 9HHFK -$ *HULQJ -& 6XPPHUYLOOH .6  3DUWLWLRQLQJ VSHFLHV
GLYHUVLW\DFURVV ODQGVFDSHVDQGUHJLRQVDKLHUDUFKLFDODQDO\VLVRIĮȕDQGȖ
GLYHUVLW\$PHULFDQ1DWXUDOLVW
'HFRQFKDW 0 %URFNHUKRII (* %DUEDUR /  (IIHFWV RI VXUURXQGLQJ
ODQGVFDSH FRPSRVLWLRQ RQ WKH FRQVHUYDWLRQ HFRORJLFDO YDOXH RI QDWLYH DQG
H[RWLF KDELWDWV IRU QDWLYH IRUHVW ELUGV )RUHVW (FRORJ\ DQG 0DQDJHPHQW

)DKULJ/(IIHFWVRIKDELWDWIUDJPHQWDWLRQRQELRGLYHUVLW\$QQXDO5HYLHZ
RI(FRORJ\DQG6\VWHPDWLFV
*RQoDOYHV 7  3DVWXUH WUHHV 5HJHQHUDWLRQ IDUPHU PDQDJHPHQW RU
RULJLQDOIORUDUHPQDQW"7KHVLV8QLYHUVLGDGH)HGHUDOGH$OIHQDV$OIHQDV



*XHUUHUR , 0RUDOHV 0% 2xDWH -- HW DO  5HVSRQVH RI JURXQGQHVWLQJ
IDUPODQGELUGVWRDJULFXOWXUDOLQWHQVLILFDWLRQDFURVV(XURSHODQGVFDSHDQGILHOG
OHYHOPDQDJHPHQWIDFWRUV%LRORJLFDO&RQVHUYDWLRQ
+DPPHU 2 +DUSHU '$7  3$67 3DOHRQWRORJLFDO 6WDWLVWLFV 6RIWZDUH
3DFNDJHIRU(GXFDWLRQDQG'DWD$QDO\VLV3DODHRQWRORJLD(OHFWURQLFD2VOR
+HUQDQGH]5XHGDV 0$ $UUR\R5RUHLJXH] 9 0HDYH -$ HW DO 
&RQVHUYLQJ WURSLFDO WUHH GLYHUVLW\ DQG IRUHVW VWUXFWXUH WKH HFRORJLFDO YDOXH RI
VPDOO UDLQIRUHVW SDWFKHV LQ PRGHUDWHO\ PDQDJHG ODQGVFDSHV 3/RV 2QH
H
+HVWHUD$-+REEV5- ,QIOXHQFHRI ILUHDQGVRLOQXWULHQWVRQQDWLYHDQG
QRQQDWLYH DQQXDOV DW UHPQDQW YHJHWDWLRQ HGJHV LQ WKH ZHVWHUQ $XVWUDOLDQ
ZKHDWEHOW-RXUQDORI9HJHWDWLRQ6FLHQFH
+LOO-/&XUUDQ3-$UHDVKDSHDQGLVRODWLRQRIWURSLFDOIRUHVWIUDJPHQWV
HIIHFWV RQ WUHH VSHFLHV GLYHUVLW\ DQG LPSOLFDWLRQV IRU FRQVHUYDWLRQ -RXUQDO RI
%LRJHRJUDSK\±
.OHLMQ ' %DOGL $  (IIHFWV RI VHWDVLGH ODQG RQ IDUPODQG ELRGLYHUVLW\
FRPPHQWVRQ9DQ%XVNLUNDQG:LOOL&RQVHUYDWLRQ%LRORJ\
.OHLMQ'.RKOHU)%iOGL$HWDO2Q WKH UHODWLRQVKLSEHWZHHQ IDUPODQG
ELRGLYHUVLW\DQGODQGXVHLQWHQVLW\LQ(XURSH3URFHHGLQJVRIWKH5R\DO6RFLHW\
RI/RQGRQ%%LRORJLFDO6FLHQFHV
;DYLHU .5) $QGUDGH /$ )DEULFDQWH -5 &RHOKR 06( $VVLV )10 
,PSDFWRV SyVIRJR QD UHJHQHUDomR QDWXUDO HP XP IUDJPHQWR GH IORUHVWD
RPEUyILOD DEHUWD QRPXQLFtSLR GH$UHLD3DUDtED%UDVLO5HYLVWD%UDVLOHLUD GH
%LRFLrQFLDV



/DXUDQFH:)&DPDUJR-/&/XL]mR5&&HWDO7KHIDWHRI$PD]RQLDQ
IRUHVWIUDJPHQWVD\HDULQYHVWLJDWLRQ%LRORJLFDO&RQVHUYDWLRQ
/DXUDQFH:)1DVFLPHQWR+(0/DXUDQFH6*$QGUDGH$(ZHUV50+DUPV
.(/XL]mR5&&5LEHLUR-(+DELWDWIUDJPHQWDWLRQYDULDEOHHGJHHIIHFWV
DQGWKHODQGVFDSHGLYHUJHQFHK\SRWKHVLV3/RV2QHH
/DXUDQFH :) 8VHFKH '& 5HQGHLUR - HW DO  $YHUWLQJ %LRGLYHUVLW\
&ROODSVHLQ7URSLFDO)RUHVW3URWHFWHG$UHDV1DWXUH±
/HJHQGUH 3 /HJHQGUH /  1XPHULFDO HFRORJ\ (OVHYLHU 6FLHQFH %9
$PVWHUGDP
/HJHQGUH 3 %RUFDUG ' 3HUHV1HWR 35  $QDO\]LQJ EHWD GLYHUVLW\
SDUWLWLRQLQJ WKH VSDWLDO YDULDWLRQ RI FRPPXQLW\ FRPSRVLWLRQ GDWD (FRORJLFDO
0RQRJUDSKV̄
/HKWRQHQ 0  6RFLDO VXVWDLQDELOLW\ RI WKH %UD]LOLDQ ELRHWKDQRO 3RZHU
UHODWLRQVLQDFHQWUHSHULSKHU\SHUVSHFWLYH%LRPDVVDQG%LRHQHUJ\
/LQGERUJ53OXH-$QGHUVVRQ.&RXVLQV6$2)XQFWLRQRIVPDOOKDELWDW
HOHPHQWV IRU HQKDQFLQJ SODQW GLYHUVLW\ LQ GLIIHUHQW DJULFXOWXUDO ODQGVFDSHV
%LRORJLFDO&RQVHUYDWLRQ±
0DJXUUDQ $(  0HDVXULQJ ELRORJLFDO GLYHUVLW\ %ODFNZHOO 3XEOLVKLQJ
/RQGRQ
0DUWLQH]5DPRV0$ODYDUH]%X\OD(5+RZROGDUHWURSLFDOUDLQIRUHVW
WUHHV"7UHQGVLQ3ODQW6FLHQFHV
0F*DULJDO.0DUNV%)5$*67$76VSDWLDOSDWWHUQDQDO\VLVSURJUDPIRU
TXDQWLI\LQJODQGVFDSHVWUXFWXUH)RUHVW6HUYLFH*HQHUDO7HFKQLFDO5HSRUW

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
0HOR)3/$UUR\R5RGUÕJXH]9)DKULJ/0DUWÕQH]5DPRV07DEDUHOOL0
2QWKHKRSHIRUELRGLYHUVLW\IULHQGO\WURSLFDOODQGVFDSHV7UHQGVLQ(FRORJ\DQG
(YROXWLRQ±
0HVTXLWD 5&* 'HODPRQLFD 3 /DXUHQFH :)  (IIHFW RI VXUURXQGLQJ
YHJHWDWLRQ RQ HGJHUHODWHG WUHH PRUWDOLW\ LQ $PD]RQLDQ IRUHVW IUDJPHQWV
%LRORJLFDO&RQVHUYDWLRQ
0LOKRPHP 0(9 $UD~MR 0 9DOH 96  (VWUXWXUD GR HVWUDWR DUEyUHR H
UHJHQHUDWLYRGHXPIUDJPHQWRGHIORUHVWDHVWDFLRQDOVHPLGHFLGXDOHP,WXPELDUD
*2&LrQFLD)ORUHVWDO
0\HUV 1  7KH ELRGLYHUVLW\ FKDOOHQJH H[SDQGHG KRWVSRWV DQDO\VLV
(QYLURQPHQWDOLVW
2NVDQHQ-.LQGW5/HJHQGUH3+DUD5%29HJDQFRPPXQLW\HFRORJ\
SDFNDJH6DQ)UDQFLVFR&DOLIRUQLD
2OLYHLUD)LOKR $7  1HR7URS7UHH )ORUD DUEyUHD GD 5HJLmR 1HRWURSLFDO
8P EDQFR GH GDGRV HQYROYHQGR ELRJHRJUDILD GLYHUVLGDGH H FRQVHUYDomR
8QLYHUVLGDGH)HGHUDOGH0LQDV*HUDLV
2OLYHWWL'0LQFDWR5/$\HU-(%6LOYD0/1&XUL10RGHODJHPHVSDFLDO
H WHPSRUDO GD HURVmR KtGULFD HP /DWRVVROR YHUPHOKR GLVWUyILFR FRP XVR
DJURSHFXiULR QXPD VXEEDFLD KLGURJUiILFD GR VXO GH0LQDV*HUDLV&LrQFLD H
$JURWHFQRORJLD±
3UDWD(0%$VVLV0$-RO\&$)ORULVWLFFRPSRVLWLRQDQGVWUXFWXUHRIWUHH
FRPPXQLW\ RQ WKH WUDQVLWLRQ /RZODQG  /RZHUPRQWDQH 2PEURSKLORXV 'HQVH
)RUHVW LQ1~FOHR3LFLQJXDED6HUUDGR0DU6WDWH3DUN8EDWXED VRXWKHDVWHUQ
%UD]LO%LRWD1HRWURSLFD

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
5DR&5  7KH XVH DQG LQWHUSUHWDWLRQ RI SULQFLSDO FRPSRQHQW DQDO\VLV LQ
DSSOLHG UHVHDUFK6DQNK\D7KH ,QGLDQ -RXUQDO RI6WDWLVWLFV6HULHV$̄

5DZ $  7KH GLVSHUVDO RI HXJORVVLQH EHHV EHWZHHQ LVRODWHG SDWFKHV RI
HDVWHUQ %UD]LOLDQ ZHW )RUHVW +\PHQRSWHUD $SLGDH 5HYLVWD %UDVLOHLUD GH
(QWRPRORJLD
5RGULJXHV 55 *DQGROIL 6  &RQFHLWRV WHQGrQFLDV H Do}HV SDUD
UHFXSHUDomR GH IORUHVWDV FLOLDUHV ,Q 5RGULJXHV 55 /HLWmR)LOKR +) HGV
0DWDVFLOLDUHVFRQVHUYDomRHUHFXSHUDomR('8636mR3DXOR
6RX]D5306RX]D9&3ROLVHO57,YDQDXNDV10(VWUXWXUDHDVSHFWRV
GD UHJHQHUDomR QDWXUDO GH )ORUHVWD 2PEUyILOD 0LVWD QR 3DUTXH (VWDGXDO GH
&DPSRVGR-RUGmR63%UDVLO+RHKQHD
6DOOHV-&6FKLDYLQL,(VWUXWXUDHFRPSRVLomRGRHVWUDWRGHUHJHQHUDomR
HP XP IUDJPHQWR IORUHVWDO XUEDQR LPSOLFDo}HV SDUD D GLQkPLFD H D
FRQVHUYDomRGDFRPXQLGDGHDUEyUHD$FWD%RWDQLFD%UDVLOLFD
6LOYD:&0DUDQJRQ/&)HUUHLUD5/&)HOLFLDQR$/3-XQLRU5)(VWXGR
GD UHJHQHUDomR QDWXUDO GH HVSpFLHV DUEyUHDV HP IUDJPHQWRV GH IORUHVWD
RPEUyILODGHQVDPDWDGDVJDOLQKDVQRPXQLFtSLRGH&DWHQGH=RQDGD0DWD
6XOGH3HUQDPEXFR&LrQFLD)ORUHVWDO
6LOYD:*60HW]JHU-36LPRHV66LPRQHWWL65HOLHILQIOXHQFHRQWKH
VSDWLDO GLVWULEXWLRQ RI WKH $WODQWLF )RUHVW FRYHU DW WKH ,ELXQD 3ODWHDX 63
%UD]LOLDQ-RXUQDORI%LRORJ\±
6WRDWH&%RDWPDQ1'%RUUDOKR5-&DUYDOKR&5'H6QRR*5(GHQ3
(FRORJLFDOLPSDFWVRIDUDEOHLQWHQVLILFDWLRQLQ(XURSH-RXUQDORIHQYLURQPHQWDO
PDQDJHPHQW

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
6XPPHUYLOOH .6 %RXOZDUH0 9HHFK -$ &ULVW 72  6SDWLDO YDULDWLRQ LQ
VSHFLHV GLYHUVLW\ DQG FRPSRVLWLRQ RI IRUHVW /HSLGRSWHUD LQ(DVWHUQ'HFLGXRXV
)RUHVWVRI1RUWK$PHULFD&RQVHUYDWLRQ%LRORJ\
7yWKPpUpV] %  &RPSDULVRQ RI GLIIHUHQW PHWKRGV IRU GLYHUVLW\ RUGHULQJ
-RXUQDORI9HJHWDWLRQ6FLHQFH±
7VFKDUQWNH 7 .OHLQ $ 0 .UXHVV $ HW DO  /DQGVFDSH SHUVSHFWLYHV RQ
DJULFXOWXUDO LQWHQVLILFDWLRQ DQG ELRGLYHUVLW\HFRV\VWHP VHUYLFH PDQDJHPHQW
(FRORJ\OHWWHUV
9HHFK-$6XPPHUYLOOH.6&ULVW72*HULQJ-&7KHDGGLWLYHSDUWLWLRQLQJ
RIGLYHUVLW\UHFHQWUHYLYDORIDQROGLGHD2LNRV
9HUJQH '&  'HQVLGDGH H WDPDQKR GDV ¢UYRUHV LVRODGDV EHP FRPR D
GLVWkQFLDGRIUDJPHQWRIORUHVWDOLQIOXHQFLDPQDGLVSHUVmRGHVHPHQWHVQRSDVWR
GH DFRUGR FRP D VtQGURPH GH GLVSHUVmR 'LVVHUWDomR GH 0HVWUDGR
8QLYHUVLGDGH)HGHUDOGH$OIHQDV$OIHQDV
9LDQD907DEDQH]$$-%LRORJ\DQGFRQVHUYDWLRQRIIRUHVWIUDJPHQWVLQ
WKH %UD]LOLDQ DWODQWLF PRLVW IRUHVW ,Q 6FKHOODV - *UHHQEHUJ HGV )RUHVW
SDWFKHVLQWURSLFDOODQGVFDSHV,VODQG3UHVV:DVKLQJWRQ'&
9LGDO :1 9LGDO 055  %RWkQLFD ± RUJDQRJUDILD 4XDGURV VLQyWLFRV
LOXVWUDGRVGHIDQHUyJDPDV8QLYHUVLGDGH)HGHUDOGH9LoRVD9LoRVD
:HEHU0$UUXGD-/6&DFHUHV&1$PSOLDFmRGDGLVWULEXLFmRGHTXDWUR
HVSHFLHV GHPRUFHJRV 0DPPDOLD&KLURSWHUD QR5LR*UDQGHGR6XO%UDVLO
%LRWD1HRWURSLFD
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7DEOH  *HQHUDO OLQHDU PRGHOV */0 SUHGLFWLQJ UHODWLRQVKLSV EHWZHHQ
FRPPXQLW\ DWWULEXWHV DQG ODQGVFDSH SDUDPHWHUV 0RGHOV FOHDUO\ ZRUVH ǻ
$,&F!WKDQWKHEHVWPRGHOZHUHUHMHFWHGDQGQRWLQFOXGHGLQWKHWDEOH. 
1XPEHURISDUDPHWHUVǻ$,&F 'LIIHUHQFHLQ$,&IURPRQHPRGHOWRRQHZLWK
WKHORZHVW$,&HFRORJLFDOYDOXHZ HYLGHQFHZHLJKW
&RPPXQLW\DWWULEXWHV 0RGHO (VWLPDWH S
HFRORJLF
DOYDOXH
ǻ$,&F Z
'$3FP    
    
$EXQGDQFH 3DVWXUH    
5LFKQHVV 3DVWXUH    
(YHQQHVV 3DVWXUH    

 



)LJXUH  'LYHUVLW\ SURILOHV IRU WZR OD\HUV XVLQJ +LOO¶V 6HULHV :KHQ WKH
SDUDPHWHU DOSKD   WKH GLYHUVLW\ HFRORJLFDO YDOXH LV HTXDO WR WKH QXPEHU RI
VSHFLHV LQ WKHVDPSOH)RUDOSKDWHQGLQJWR WKHGLYHUVLW\HFRORJLFDOYDOXH LV
HTXLYDOHQW WR WKH 6KDQQRQ ,QGH[ QDWXUDO EDVH )RU DOSKD   WKH HFRORJLFDO
YDOXH LVWKHVDPHDVREWDLQHGXVLQJWKH LQYHUVHRI6LPSVRQ,QGH['*UD\
VROLGOLQH ,QGLYLGXDOVZLWK'$3FP%ODFNVROLGOLQH ,QGLYLGXDOVZLWK'$3
FP'RWWHGOLQHV FRQILGHQFH

)LJXUH  'HQGURJUDP RI VLPLODULW\ %UD\&XUWLV ,QGH[ SURGXFHG E\ FOXVWHU
DQDO\VLV83*0$FRQQHFWLRQPHWKRGRIWUHHVSHFLHVFRPSRVLWLRQVDPRQJWKH
HLJKWVLWHVD6SHFLHVZLWK'$3!FPE6SHFLHVZLWK'$3
FP

)LJXUH  3URSRUWLRQV RI DGXOW WUHH VSHFLHV ([FOXVLYH  3URSRUWLRQ RI DGXOW
WUHHV RFFXULQJ RQO\ LQ WKH VXSHULRU OD\HU &RPPRQ  3URSRUWLRQ RI DGXOW WUHHV
RFFXULQJLQERWKOD\HUVDGXOWDQGUHJHQHUDWLYH

)LJXUH $GGLWLYH SDUWLWLRQ RI VSHFLHV GLYHUVLW\ IRU WUHHV VSHFLHVZLWK'$3!
 FP $OSKD LV WKH DYHUDJH ULFKQHVV ZLWKLQ WKH SORWV %HWD LV WKH DYHUDJH
ULFKQHVV DEVHQW LQ WKH SORWV %HWD LV WKH DYHUDJH ULFKQHVV DEVHQW LQ WKH
IUDJPHQWV 7KH VXP RI DOSKD DQG EHWD FRPSRQHQWV UHVXOWV LQ WKH JDPPD
GLYHUVLW\RIHDFKIUDJPHQW7KHVXPRIWKHDOSKDEHWDDQGEHWDFRPSRQHQWV
UHVXOWV LQWKHJDPPDGLYHUVLW\RIWKHUHJLRQ'LIIHUHQW OHWWHUV LQGLFDWHREVHUYHG
HFRORJLFDO YDOXHVVLJQLILFDQWO\GLIIHUHQW WKDQH[SHFWHG LI WKHGLVWULEXWLRQVZHUH
UDQGRP D $GGLWLYH SDUWLWLRQ RI VSHFLHV GLYHUVLW\ LQ IUDJPHQW  SDOSKD 



SEHWD E$GGLWLYHSDUWLWLRQRIVSHFLHVGLYHUVLW\LQIUDJPHQWSDOSKD 
SEHWD F$GGLWLYHSDUWLWLRQRIVSHFLHVGLYHUVLW\ LQIUDJPHQWSDOSKD 
SEHWD G$GGLWLYHSDUWLWLRQRIVSHFLHVGLYHUVLW\LQIUDJPHQWSDOSKD 
SEHWD H$GGLWLYHSDUWLWLRQRIVSHFLHVGLYHUVLW\LQIUDJPHQWSDOSKD 
SEHWD I$GGLWLYHSDUWLWLRQRIVSHFLHVGLYHUVLW\LQIUDJPHQWSDOSKD 
SEHWD J$GGLWLYHSDUWLWLRQRIVSHFLHVGLYHUVLW\LQIUDJPHQW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)XQFWLRQDOGLYHUVLW\ORVVRIVDSOLQJWUHHFRPPXQLW\LQDKLJKO\IUDJPHQWHG
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)XQFWLRQDO GLYHUVLW\ ORVV RI VDSOLQJ WUHH FRPPXQLW\ LQ D KLJKO\ IUDJPHQWHG
ODQGVFDSH
&DUQHLUR065DPRV)1DQG6DQWRV)$0
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'HSDUWDPHQWRGH%LRORJLD9HJHWDO,QVWLWXWRGH%LRORJLD8QLYHUVLGDGH(VWDGXDOGH
&DPSLQDV&3RVWDO&(3&DPSLQDV63%UD]LO
 /DERUDWyULR GH (FRORJLD GH )UDJPHQWRV )ORUHVWDLV (&2)5$* ,QVWLWXWR GH
&LrQFLDVGD1DWXUH]D8QLYHUVLGDGH)HGHUDOGH$OIHQDV81,)$/0*5XD*DEULHO
0RQWHLURGD6LOYDQ&(3$OIHQDV0*%UD]LO7HO
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&RQVHUYDWLRQVWUDWHJLHV WKDWDLP WRHIIHFWLYHO\SURWHFW IRUHVW UHPQDQWVKDYH WR WDNH
LQWR DFFRXQW WKH HIIHFWV RI WKH VXUURXQGLQJ ODQGVFDSH FRPSRVLWLRQ RQ WKH VSHFLHV
FRPSRVLWLRQ DQG GLYHUVLW\ RI WKH IUDJPHQWV ,Q DGGLWLRQ IXQFWLRQDO GLYHUVLW\ DQG
GLVWULEXWLRQSDWWHUQVRIRUJDQLVPVQHHGWREHFRQVLGHUHG7KHDLPRIWKLVVWXG\ZDV
WR DQDO\]H DQG FRPSDUH WKH IXQFWLRQDO GLYHUVLW\ RI DGXOW DQG VDSOLQJ OD\HUV DQG WR
YHULI\ KRZ WKLV DWWULEXWH LV DIIHFWHG E\ ODQGVFDSH FRQILJXUDWLRQ 7KH VWXG\ ZDV
FRQGXFWHGLQHLJKWIRUHVWIUDJPHQWVRID6HPLGHFLGXRXV$WODQWLF)RUHVW:HGLYLGHG
WKH VDPSOHG LQGLYLGXDOV LQWR WZR FODVVHV DGXOW DQG VDSOLQJ WUHHV DQG DOO VDPSOHG
LQGLYLGXDOV ZHUH FODVVLILHG ZLWKLQ  IXQFWLRQDO W\SHV EHORQJLQJ WR  IXQFWLRQDO
FDWHJRULHV 7KH ODQGVFDSH FRPSRVLWLRQ HIIHFW RQ WRWDO IXQFWLRQDO GLYHUVLW\ RI ERWK
OD\HUVZDVHYDOXDWHGXVLQJDJHQHUDOL]HGOLQHDUPL[HGPRGHO7KHDGXOWDQGVDSOLQJ
FRPPXQLWLHVZHUH IRXQG WRKDYH VLPLODU IXQFWLRQDO FRPSRVLWLRQV DQGSDUWLWLRQLQJRI
GLYHUVLW\+RZHYHU WKHVDSOLQJ OD\HU L KDGD ODUJHUQXPEHURI LQGLYLGXDOV LQPRUH
JHQHUDOLVWFDWHJRULHVZKLWHIORZHUVVHOIFRPSDWLEOHUHSURGXFWLYHV\VWHPSROOLQDWLRQ
E\JHQHUDOLVWLQVHFWVLLVKRZHGORZHUIXQFWLRQDOGLYHUVLW\DQGLLLWKHEHWDGLYHUVLW\
YDULDWLRQZDVGXHWRWXUQRYHUDQGQRWWRQHVWLQJDVZLWKDGXOWLQGLYLGXDOV,QDGGLWLRQ
LY WKH VDSOLQJ FRPPXQLW\ VKRZHG D SRVLWLYH UHODWLRQVKLS ZLWK WKH SHUFHQWDJH RI
SDVWXUH PDWUL[ :H LQWHUSUHWHG WKLV DV WKH SDVWXUH EHQHILWLQJ WKH LQGLYLGXDO
DEXQGDQFH RI PRUH JHQHUDOLVW JURXSV WKHUHIRUH LQFUHDVLQJ WKH WRWDO IXQFWLRQDO
GLYHUVLW\DQGGLYHUVLW\ZLWKLQIXQFWLRQDOFDWHJRULHV7KHIDFWWKDWWKHDGXOWFRPPXQLW\
LV QRW DIIHFWHG E\ DQ\ ODQGVFDSH SDUDPHWHU LV DQ DOHUW &RQFOXVLRQV DERXW
IUDJPHQWDWLRQ HIIHFWV DQG FRQVHUYDWLRQ LQLWLDWLYHV VKRXOG QRW EH PDGH FRQVLGHULQJ
RQO\DGXOWVSHFLHVGLYHUVLW\$QRWKHUUHOHYDQWSRLQWZDVWKHIXQFWLRQDOGLYHUVLW\VWXG\
ZH IRXQG WKDW IUDJPHQWVQHDUSDVWXUHPDWULFHVVKRZHGKLJKGLYHUVLWLHV LQ WHUPVRI
VSHFLHV FRPSRVLWLRQ DOWKRXJK WKH VSHFLHV WKDW EHQHILWHG PRVW ZHUH WKRVH WKDW
SHUIRUPHGPRUHJHQHUDOIXQFWLRQV
.H\ZRUGV $GGLWLYH SDUWLWLRQLQJ RI GLYHUVLW\ EHWD GLYHUVLW\ IRUHVW FRYHU IRUHVW
IUDJPHQWVIXQFWLRQDOGLYHUVLW\PDWUL[HIIHFWDQGVDSOLQJOD\HU

 



,QWURGXFWLRQ
&XUUHQWO\ PRVW WURSLFDO ELRGLYHUVLW\ LV IRXQG LQ PRGLILHG KXPDQ ODQGVFDSHV
0HOR HW DO  DQG SDUNV DQG UHVHUYHVPD\ RQO\PDLQWDLQ  RI WKH QDWXUDO
FRYHU RI WURSLFDO HFRV\VWHPV *UDGZRKO 	 *UHHQEHUJ  ,Q WKLV FRQWH[W
FRQVHUYDWLRQ VWUDWHJLHV WKDW DLP WR HIIHFWLYHO\ SURWHFW IRUHVW UHPQDQWV KDYH WR WDNH
LQWRDFFRXQWWKHODQGVFDSHFRPSRVLWLRQHIIHFWVRQVSHFLHVFRPSRVLWLRQDQGGLYHUVLW\
/DQG XVH DURXQG IRUHVW IUDJPHQWV LQIOXHQFH DELRWLF DQG ELRWLF HIIHFWV ZLWKLQ WKHP
)DKULJ'HFRQFKDWHW DO  $ UHGXFWLRQ LQ IRUHVW FRYHUDQGFRQVHTXHQW
ORVVRIKDELWDWKHWHURJHQHLW\LQDIUDJPHQWHGODQGVFDSHPD\IRUH[DPSOHGHFUHDVH
SRSXODWLRQ VL]H 3UXJK HW DO  DQG VSHFLHV QXPEHUV IRXQG LQ WKH IUDJPHQWV
*DVWRQ	%ODFNEXUQ
0RUHRSHQPDWULFHV VXFKDVJUDVVODQG DUH YHU\GLIIHUHQW DQG WHQG WRKDYH
QHJDWLYHHIIHFWVRQIRUHVWIUDJPHQWV0HVTXLWDHWDO,QDGGLWLRQPDWULFHVWKDW
DUHVWUXFWXUDOO\PRUHVLPLODUWRIUDJPHQWVHJVKUXERUDUERUHDOPDWULFHVPD\KDYH
SRVLWLYHHIIHFWVRQIUDJPHQWV0HVTXLWDHWDO+HUQDQGH]5XHGDVHWDO
7KHVHPDWULFHVFDQDFWDVDEXIIHU]RQHE\VRIWHQLQJWKHHGJHHIIHFWDQGIXQFWLRQDV
DQ H[WHQVLRQ RI WKH IUDJPHQW E\ SURYLGLQJ VKHOWHU DQG UHVRXUFHV IRU DQLPDOV
+HUQDQGH]5XHGDVHWDO%HVLGHVWKLVVWXGLHVVXJJHVWWKDWWKHPDQDJHPHQW
W\SH GHYHORSHG IRU ODQG XVH FRXOG KDYH HIIHFWV RQ IUDJPHQWV .DUS HW DO 
/LQGERUJHWDO,QJHQHUDOKLJKO\PHFKDQL]HGFURSVZKHUH ODUJHDPRXQWVRI
SHVWLFLGHVDUHXVHGKDYHDJUHDWHUQHJDWLYHHIIHFWRQIUDJPHQWVWKDQOHVVLQWHQVLYHO\
PDQDJHGFURSV.DUSHWDO/LQGERUJHWDO
,W LV UHODWLYHO\FOHDU WKDW ODQGVFDSHFKDQJHPD\KDYHQHJDWLYHHIIHFWVRQ WKH
FRPSRVLWLRQ GLYHUVLW\ DQG VWUXFWXUH RI SODQW FRPPXQLWLHV /DXUHQFH HW DO 
+RZHYHUWKHUHLVDQXQDYRLGDEOHORVVRILQIRUPDWLRQZKHQRQO\VSHFLHVULFKQHVVDQG
GLYHUVLW\ DUH FRQVLGHUHG LQ IUDJPHQWDWLRQ VWXGLHV 7KHVH LQGLFHV LJQRUH GLIIHUHQFHV
EHWZHHQ VSHFLHV EHFDXVH WUDGLWLRQDO PHDVXUHV RI GLYHUVLW\ DVVXPH WZR SUHPLVHV
)LUVW DOO VSHFLHV DUH FRQVLGHUHG HTXLYDOHQW WKDW LV WKH\ DOO KDYH WKH VDPH
LPSRUWDQFHZLWK UHVSHFW WR WKH DPRXQW RI LQIRUPDWLRQ WKH\ FDUU\ 0DJXUUDQ 
6HFRQG ZLWKLQ WKH VDPH VSHFLHV LQGLYLGXDOV DUH DVVXPHG WR EH HTXLYDOHQW
UHJDUGOHVVRIGLIIHUHQFHVLQKHLJKWRUELRPDVVRUZKHWKHUWKH\JURZLQPRUHRUOHVV
VKDGHG ORFDWLRQV$QDOWHUQDWLYHWRWKHVHLQGLFHV LVIXQFWLRQDOGLYHUVLW\ZKLFK LVWKH
GLYHUVLW\RIIXQFWLRQDOW\SHVIRUH[DPSOHSODQWJURXSVWKDWSUHVHQWVLPLODUUHVSRQVHV
WR HQYLURQPHQWDO FRQGLWLRQV DQG KDYH VLPLODU HIIHFWV RQ HFRV\VWHP SURFHVVHV



&RUQHOLVVHQ HW DO  7KLV DSSURDFK LV LPSRUWDQW EHFDXVH LW LV D FRQFHSW WKDW
OLQNV RUJDQLVPV DQG FRPPXQLWLHV 3HWFKH\ 	 *DVWRQ  ,Q DGGLWLRQ WR KDYLQJ
JUHDWHU ELRORJLFDO VLJQLILFDQFH IXQFWLRQDO GLYHUVLW\ PHDVXUHV FDQ EH XVHG IRU
HFRORJLFDO SURMHFWLRQV EH\RQG D UHJLRQDO VFDOH 7KH VWXG\ RI SODQW UHVSRQVHV WR
HQYLURQPHQWDOFKDQJHVDWDJOREDOVFDOHFDQQRWEHEDVHGRQVSHFLHVVLQFHPRVWRI
WKHPKDYHDOLPLWHGJHRJUDSKLFDOGLVWULEXWLRQ3LOODU)RUHFRORJLFDOSUHGLFWLRQV
WKHXVHRI IXQFWLRQDOJURXSV LVEHWWHUEHFDXVHD IXQFWLRQDO W\SHDJJUHJDWHVDSODQW
JURXS WKDW VLPLODUO\ DIIHFWV WKH HQYLURQPHQW RU SUHVHQWV D VLPLODU UHVSRQVH WR WKH
VDPHHQYLURQPHQWDOYDULDWLRQVDWDQ\VFDOH*RPH]
$QRWKHU DVSHFW RIWHQ LJQRUHG LQ IUDJPHQWDWLRQ VWXGLHV LV XQGHUVWDQGLQJ WKH
GLVWULEXWLRQSDWWHUQVRIRUJDQLVPVLQDIUDJPHQWHGODQGVFDSH)DKULJ2QHZD\
WR DSSURDFK WKLV SUREOHP LV WKURXJK DGGLWLYH SDUWLWLRQLQJ RI GLYHUVLW\ /DQGH 
ZKHUHWKHWRWDOGLYHUVLW\ȖLVGLYLGHGEHWZHHQWKHGLYHUVLW\ZLWKLQĮDQGEHWZHHQȕ
VDPSOHV %HWD GLYHUVLW\ LV D FHQWUDO FRQFHSW WKDW FDQ EH XVHG WR XQGHUVWDQG KRZ
VSHFLHVGLYHUVLW\ LVRUJDQL]HGDQGPDLQWDLQHGDVZHOODV WR WHVWHFRORJLFDO WKHRULHV
WKDWWU\WRXQGHUVWDQGWKHSURFHVVWKDWJHQHUDWHGWKHSDWWHUQVDQGWKHUHLVSRWHQWLDO
WR DSSO\ WKLV FRQFHSW LQ FRQVHUYDWLRQ ELRORJ\ 8QGHUVWDQGLQJ EHWD GLYHUVLW\ LV
LPSRUWDQWEHFDXVH LW FRQVLGHUVQRWRQO\ ORFDOGLYHUVLW\ DOSKDEXW WKHGLIIHUHQFH LQ
GLYHUVLW\ EHWZHHQ DUHDV &RQGLW HW DO  8VLQJ EHWD GLYHUVLW\ LW LV SRVVLEOH WR
YHULI\ LI WKH DUHDV KDYH PDQ\ RU IHZ FRPPRQ VSHFLHV DQG WR LQYHVWLJDWH ZKLFK
ODQGVFDSHRUHQYLURQPHQWDOSDUDPHWHUVDUHVWUXFWXULQJWKHFRPPXQLWLHVRIWKHDUHDV
7KH IHZVWXGLHVDERXW WKLV LQGLFDWH WKDW ODQGVFDSHFRQILJXUDWLRQSOD\VDNH\UROH LQ
EHWDVSHFLHVGLYHUVLW\$UUR\R5RGULJXH]HWDO+HUQDQGH]5XHGDVHWDO
&DUQHLURHWDOKRZHYHUWKHUHDUHQRVWXGLHVDERXWWKHHIIHFWRIWKHODQGVFDSH
RQIXQFWLRQDOEHWDGLYHUVLW\
8QIRUWXQDWHO\ GHVSLWH WKH JUHDW LPSRUWDQFH RI IXQFWLRQDO GLYHUVLW\ DQG
IXQFWLRQDO EHWD GLYHUVLW\ WKHVHDVSHFWV KDYH QRW EHHQ FRQVLGHUHG LQPRVW VWXGLHV
$QRWKHU SRRUO\ FRQVLGHUHG DVSHFW LV WKH IUDJPHQWDWLRQ HIIHFW RQ ULFKQHVV DQG
GLYHUVLW\ RI UHJHQHUDWLQJ LQGLYLGXDOV DQG WKHUH DUH QR VWXGLHV WKDW FRQVLGHU WKH
ODQGVFDSHHIIHFW RQ UHJHQHUDWLQJ IXQFWLRQDO GLYHUVLW\2QHRI WKHPDLQTXHVWLRQV LQ
WHUPVRIIRUHVWIUDJPHQWFRQVHUYDWLRQLVWRXQGHUVWDQGLISODQWFRPPXQLWLHVDUHYLDEOH
RYHUWLPH0HORHWDO2QHRIWKHPRVWLPSRUWDQWZD\VWRDQVZHUWKLVTXHVWLRQ
LV WR VWXG\ \RXQJ LQGLYLGXDOV 6LOYD HW DO  6WXGLHV RI VHHGOLQJ DQG VDSOLQJ



OD\HUVDOORZLQIHUHQFHVDERXWWKHFXUUHQWVWDWHDQGFRQVHUYDWLRQIXWXUHRIIUDJPHQWV
DQGDERXWWKHLUYLDELOLW\WRSUHVHUYHELRGLYHUVLW\RYHUWKH\HDUV6LOYDHWDO
7KHDLPRI WKLVVWXG\ZDV WRDQDO\]HDQGFRPSDUH WKH IXQFWLRQDOGLYHUVLW\RI
DGXOW DQG VDSOLQJV OD\HUV DQG WR YHULI\ KRZ WKLV DWWULEXWH LV DIIHFWHG E\ ODQGVFDSH
FRQILJXUDWLRQ0RUHVSHFLILFDOO\ZHLQWHQGWRDQVZHUWKHIROORZLQJTXHVWLRQVD$UH
WKH DGXOW DQG VDSOLQJ FRPPXQLWLHV GLIIHUHQW LQ WHUPV RI IXQFWLRQDO FRPSRVLWLRQ DQG
GLYHUVLW\"E'RHVIRUHVWFRYHUDQGSHUFHQWDJHRIFRIIHHSODQWDWLRQVKDYHDSRVLWLYH
HIIHFWRQ WRWDO IXQFWLRQDO GLYHUVLW\ IXQFWLRQDO GLYHUVLW\ RI HDFK FDWHJRU\ DQG EHWD
GLYHUVLW\ RI DGXOW DQG VDSOLQJ FRPPXQLWLHV" F 'RHV  SHUFHQWDJH RI SDVWXUH DQG
VXJDUFDQHKDYHD QHJDWLYH HIIHFWRQ WRWDO IXQFWLRQDO GLYHUVLW\ IXQFWLRQDO GLYHUVLW\ RI
HDFKFDWHJRU\DQGEHWDGLYHUVLW\RIDGXOWDQGVDSOLQJFRPPXQLWLHV":HDVVXPHG
WKDW IUDJPHQWDWLRQPLJKW QHJDWLYHO\ DIIHFW WKHPRUH VSHFLILF IXQFWLRQV GLVSHUVDO E\
ODUJH PDPPDOV ODUJH IUXLWV VHOILQFRPSDWLEOH VH[XDO V\VWHPV DQG IDYRU WKH
HVWDEOLVKPHQW RI PRUH JHQHUDOLVW IXQFWLRQV VPDOO IUXLWV JHQHUDO LQVHFW SROOLQDWLRQ
SLRQHHUWUHHVLQWKHERWKOD\HUV


0HWKRGV
6WXG\DUHD
7KHHLJKWIRUHVWIUDJPHQWVLQ$OIHQDV0LQDV*HUDLV%UD]LOZDVVWXGLHG7DEOH
7KHGLVWDQFHEHWZHHQIUDJPHQWVUDQJHGIURPWRNPZLWKPHDQRI
NP 7KHDYHUDJH UDLQIDOO LVPP LQ WKHZLQWHUDQGPP LQ WKHVXPPHU
 PP DQQXDOO\  DQG WKH DYHUDJH WHPSHUDWXUHV LV & LQ WKH ZLQWHU DQG
&LQWKHVXPPHU$OYDUHVHWDO7KHUHJLRQKDVDSUHGRPLQDQWO\KLOO\UHOLHI
ZLWKDQHOHYDWLRQ UDQJLQJ IURP WRP7KHPRVWFRPPRQPDWUL[ W\SHVDUH
SDVWXUHV  SHUHQQLDO FURSV PDLQO\ FRIIHH   DQG DQQXDO FURSV PDLQO\
VXJDUFDQHDQGFRUQ

7KHIUDJPHQWVVWXGLHGDUHSUHVHUYHGUHPQDQWVRIVXEPRQWDQHVHPLGHFLGXRXV
$WODQWLF)RUHVW7KHUHJLRQRQO\KDVDERXWUHPQDQWQDWLYHIRUHVWDQG2OLYHWWLHWDO
7KH PRVW GRPLQDQW IDPLOLHV RI WUHHV DUH )DEDFHDH 0\UWDFHDH /DXUDFHDH
0HOLDFHDH DQG (XSKRUELDFHDH DQG PRVW WUHH VSHFLHV DUH Copaifera langsdorffii 
'HVI Ocotea odorifera 9HOO 5RKZHU Cryptocarya aschersoniana 0H]
Metrodorea stipularis 0DUWDQGMiconia willdenowii.ORW]VFKH[1DXGLQ



:H VHOHFWHG WKH QLQH IUDJPHQWV E\ FODVVLI\LQJ UHPQDQW IRUHVW DUHDV XVLQJ
LPDJHVPUHVROXWLRQIURPWKDWZHUHWDNHQE\WKH6LQR%UD]LOLDQ&%(56%
VDWHOOLWH,13(7RVHOHFW WKHIUDJPHQWV WKHIROORZLQJFULWHULDZHUHDSSOLHG L
VLPLODULW\RIGHJUDGDWLRQE\REVHUYLQJVSHFWUDODWWULEXWHVVXFKDVFRORUDQGWH[WXUHLL
D PLQLPXP GLVWDQFH RI IRXU NLORPHWHUV EHWZHHQ DUHDV WR HQVXUH VDPSOH
LQGHSHQGHQFHDQGLLLDFHQWUDOIUDJPHQWVL]HEHWZHHQKDDQGKD

6DPSOHGHVLJQDQGVSHFLHVVDPSOLQJ
7HQSORWVRI[PKDZHUHGHPDUFDWHGLQHDFKRIWKHQLQHIUDJPHQWV
VWXGLHGUHVXOWLQJ LQD WRWDORIKDVDPSOHG:HGLYLGHG WKHVDPSOHG LQGLYLGXDOV
LQWRWZRFODVVHVDGXOWWUHHVLQGLYLGXDOVZLWKDGLDPHWHUDWEUHDVWKHLJKW'%+!
FP DQG VDSOLQJ WUHHV LQGLYLGXDOV ZLWK D '%+   FP DQG KHLJKW !  P :H
VHOHFWHGLQGLYLGXDOVJUHDWHUWKDQPHWHUEHFDXVHWKH\VXUYLYHGWKHFULWLFDOSHULRG
RIPRUWDOLW\VHHGOLQJVDQGVXUSDVVHGVWURQJHQYLURQPHQWDOVHOHFWLYHDFWLRQ)HOILOLHW
DO6DOHV	6FKLDYLQL:HH[FOXGHGVKUXEVIURPWKHDQDO\VLVRUVSHFLHV
WKDWZLOOQHYHUEHFRPHPRUHWKDQPWDOO2OLYHLUD)LOKRHWDO/LHEVFK
WRJXDUDQWHHWKDWRQO\WUHHVZHUHDQDO\]HGLQWKHVWXG\
$OOVDPSOHGLQGLYLGXDOVZHUHFODVVLILHGZLWKLQIXQFWLRQDOW\SHVEHORQJLQJWR
IXQFWLRQDOFDWHJRULHV7DEOH&RUQHOLVVHQHWDO&DUQHLURHWDO7KH
IXQFWLRQDO FDWHJRULHV DUHD PRUH EURDGV VXFKDV GLSHUVLRQ W\SH DQG WKH IXQFWLRQDO
W\SHVDUHPRUHVSHFLILFVXFKDVSODQWV]RRFRULFGLVSHUVLRQHDFKIXQFWLRQDOFDWHJRULH
KDV VHYHUDO IXQFWLRQDO W\SHV 7KH FODVVLILFDWLRQ LQWR IXQFWLRQDO W\SHVZDV EDVHG RQ
GDWDLQWKHOLWHUDWXUHDQGILHOGREVHUYDWLRQV7KHDEXQGDQFHRILQGLYLGXDOVZLWKLQHDFK
IXQFWLRQDO W\SH IRU HDFK ODQGVFDSH ZDV WKH VXP RI WKH YDOXHV IURP WKH WHQ SORWV
VDPSOHG
 
/DQGVFDSHFRPSRVLWLRQ
$ EXIIHU RI  P ZDV GUDZQ IURP WKH FHQWHU RI HDFK IUDJPHQW DQG WKH
SHUFHQWDJH RI HDFK ODQGVFDSH FRPSRVLWLRQ &29(5 DQG0$75,;ZDV FDOFXODWHG
XVLQJWKHSURJUDPV$UF*,69HUVLRQ(65,DQG)UDJVWDWV0F*DULJDO	0DUNV
&29(5LVWKHSURSRUWLRQRIIRUHVWLQWKHEXIIHUDQGZDVFDOFXODWHGXVLQJWKH
IRUPXODAf ʌ*r²*PF)/100ZKHUHAfLVWKHWRWDODUHDRIIRUHVWIRUHVWʌr²LVWKHDUHD
RI WKHEXIIHUDURXQG WKHFHQWUDO IUDJPHQWDQGPF LV WKH WRWDOSURSRUWLRQRI IRUHVW LQ
UDGLXVrRIHDFKEXIIHU0$75,;/DQGVFDSHLQGH[TXDQWLILHVWKHSURSRUWLRQRIEXIIHU



FRYHUHGE\HDFKKDELWDWPDWUL[FRIIHHSDVWXUHDQGVXJDUFDQHDQGZDVFDOFXODWHG
XVLQJ WKH HTXDWLRQ Am   ʌr²*PM)/100 ZKHUH Am LV WKH VXP RI DQWKURSRJHQLF
KDELWDWPDWUL[DUHDVDQGPMLVWKHWRWDOSURSRUWLRQRIKDELWDWPDWUL[LQHDFKEXIIHU$OO
WKHODQGVFDSHPHWULFVZHUHORJWUDQVIRUPHG

)XQFWLRQDOGLYHUVLW\FDOFXODWLRQDQGVWDWLVWLFDODQDO\VLV
7RFDOFXODWHWKHIXQFWLRQDOGLYHUVLW\)'WKHPHWKRGGHVFULEHGE\3HWFKH\	
*DVWRQ  ZDV XVHG )' PHDVXUHV WKH H[WHQW RI FRPSOHPHQWDULW\ EHWZHHQ
YDOXHV RI LQGLYLGXDO WUDLWV *UHDWHU GLIIHUHQFHV EHWZHHQ WKHVH YDOXHV UHSUHVHQW
JUHDWHU FRPSOHPHQWDULW\ DQG WKHUHIRUH DKLJKHU)'$)'YDOXHZDVREWDLQHG IRU
HDFK IUDJPHQW DQG IRU HDFKIXQFWLRQDO FDWHJRU\ 7KH )' FDOFXODWLRQ LV EDVHG RQ D
FOXVWHU DQDO\VLV DQG KDV WKH IROORZLQJ IRXU VWHSV , FUHDWLQJ D IXQFWLRQDO PDWUL[
DEXQGDQFH RI LQGLYLGXDOV î IXQFWLRQDO WUDLWV IRU HDFK IUDJPHQW VWXGLHG ,,
FRQYHUWLQJWKHIXQFWLRQDOPDWUL[ LQWRDGLVWDQFHPDWUL[,,,SURGXFLQJDGHQGURJUDP
IURP WKH GLVWDQFH PDWUL[ DQG ,9 FDOFXODWLQJ WKH WRWDO OHQJWK RI WKH GHQGURJUDP
EUDQFKHV7KHGLVWDQFHPHDVXUHXVHGZDVWKH*RZHUGLVWDQFH3RGDQL	6FKLPHUD
7KHUHDUHRWKHUIXQFWLRQDOGLYHUVLW\PHDVXUHV3HWFKH\HWDOKRZHYHU
)'EHWWHUH[SODLQVWKHFRPPXQLW\IXQFWLRQDOGLIIHUHQFHVEHFDXVHLWLVQRWDIIHFWHGE\
VSHFLHV QXPEHU 3HWFKH\	*DVWRQ  7KH DQDO\VHVZHUH SHUIRUPHGZLWK WKH
VRIWZDUH 5 5 'HYHORSPHQW &RUH 7HDP 2.5, DQG WKH )' DGH DQG SLFDQWH
SDFNDJHV
7R GHVFULEH WKH DGXOW DQG VDSOLQJ FRPPXQLWLHV LQ WHUPV RI IXQFWLRQDO
FRPSRVLWLRQ DQG WR FKHFN IRU GRPLQDQW IXQFWLRQDO W\SHV ZLWKLQ HDFK IXQFWLRQDO
FDWHJRU\DQ$129$DQG7XNH\¶V WHVWZHUHFRQGXFWHGZKHQWKHUHZHUHPRUHWKDQ
WZRIXQFWLRQDOW\SHVZLWKLQWKHVDPHIXQFWLRQDOFDWHJRU\DQGD7WHVWZDVFRQGXFWHG
ZKHQWKHUHZHUHRQO\WZRIXQFWLRQDOW\SHV7KLVDQDO\VLVKHOSVYHULI\IRUH[DPSOHLI
WKHUHLVDGRPLQDQFHRIIXQFWLRQDOW\SHFKDUDFWHULVWLFVIURPPRUHJHQHUDOLVWVSHFLHV
VXFK DV SLRQHHU WUHHV VPDOO IUXLWV DQG VHOIFRPSDWLELOLW\ 7KH IXQFWLRQDO VLPLODULW\
EHWZHHQ WKH IUDJPHQWV ZDV DQDO\]HG XVLQJ WKH %UD\&XUWLV LQGH[ 7KLV LQGH[ ZDV
VHOHFWHG EHFDXVH LW FRQVLGHUV WKH DEXQGDQFH RI LQGLYLGXDOV 0DJXUUDQ 7R
YHULI\ LI WKH SURSRUWLRQ RI DGXOW LQGLYLGXDOV GLIIHUV IURP WKH SURSRUWLRQ RI VDSOLQJ
LQGLYLGXDOVZLWKLQHDFKIXQFWLRQDOJURXSZHXVHGWKH*7HVW
$GGLWLYHSDUWLWLRQLQJRIVSHFLHVGLYHUVLW\ZDVXVHGWRYHULI\KRZWKHYDULDWLRQRI
GLYHUVLW\RFFXUVDWGLIIHUHQWVFDOHVSORWVDQGIUDJPHQWVIRUERWKOLIHVWDJHV&ULVWHW



DO ,Q WKH DGGLWLYH SDUWLWLRQLQJ RI VSHFLHV GLYHUVLW\ WKH GLYHUVLW\ RI IXQFWLRQDO
W\SHV RI WKH UHJLRQ RU LQ HDFK IXQFWLRQDO FDWHJRU\ Ȗ LV VSOLW LQWR DOSKD DQG EHWD
FRPSRQHQWV WKDWDUHH[SUHVVHG LQ WKHVDPHXQLWV7KHUHIRUHȖ DOSKDEHWD
EHWD  EHWD Q ZKHUH Q   QXPEHU RI OHYHOV DQG EHWD Q   DOSKD Q  DOSKD Q
3RGDQL 	 6FKLPHUD  7KLV REVHUYHG GLYHUVLW\ ZDV FRPSDUHG ZLWK D QXOO
GLVWULEXWLRQPRGHORIGLYHUVLW\FRQVLVWLQJRIWKHPHDQGLYHUVLW\REWDLQHGWKURXJK
UDQGRPL]DWLRQV 7KH  UDQGRPL]DWLRQV FUHDWH WKH H[SHFWHG GLYHUVLW\ LI WKH
GLVWULEXWLRQ RI LQGLYLGXDOV LV UDQGRP 7KLV DQDO\VLV DOVR DOORZHG XV WR FRPSDUH WKH
UHVXOWVREVHUYHG WRZKDWZRXOGEHH[SHFWHG LI WKHGLVWULEXWLRQZDV UDQGRP WKDW LV
ZKHQ WKHUH LV QR IDFWRU DIIHFWLQJ WKH FRPPXQLW\ VWUXFWXUH &ULVW HW DO $
GLIIHUHQFHIURPWKHH[SHFWHGYDOXHVPD\LQGLFDWHGLVSHUVDO OLPLWDWLRQHQYLURQPHQWDO
KHWHURJHQHLW\ DQGRU HIIHFW RI WKH ODQGVFDSH RQ WKH REVHUYHG GLYHUVLW\ &ULVW HW
DO7KHH[SHFWHGGLYHUVLW\ZDVFDOFXODWHGZLWK WKHVRIWZDUH3DUWLWLRQ &ULVWHW
DO
7R YHULI\ ZKHWKHU WKH EHWD GLYHUVLW\ REVHUYHG ZDV GXH WR ORVV RI RUGLQDWH
IXQFWLRQV QHVWHGQHVV RU H[FKDQJH IXQFWLRQV WXUQRYHUZH GHFRPSRVHG WKH EHWD
GLYHUVLW\ RI WKHVH WZR FRPSRQHQWV 7KH LQGH[ RI EHWD GLYHUVLW\ UDQJHV IURP 
FRPSOHWHO\ VLPLODU WR  FRPSOHWHO\ GLVVLPLODU 6XEVHTXHQWO\ ZH SDUWLWLRQHG WKH
WRWDO GLVVLPLODULWLHV %625 LQ WKH SURSRUWLRQ JHQHUDWHG E\ QHVWHGQHVV %1(6 DQG LQ
WKHSURSRUWLRQJHQHUDWHGE\WXUQRYHU%6,0ZKHUH%625 %1(6%6,0%DVHOJD
7KHVHDQDO\VHVZHUHFDUULHGRXW LQ55'HYHORSPHQW&RUH7HDPXVLQJ WKH
IXQFWLRQV ³EHWDPXOWL5´ LQ WKH SDFNDJH ³EHWDSDUWH´  $ UHFHQW VWXG\ %DVHOJD 	
/HSULHXU  VKRZHG WKDW ZLWK WKLV PHWKRG WKH QHVWHGQHVVUHVXOWDQW FRPSRQHQW
DFFRXQWV IRU RQO\ ULFKQHVV GLIIHUHQFHV GHULYHG IURPQHVWHG SDWWHUQVZKLOH LQ RWKHU
PHWKRGV WKH ULFKQHVV GLIIHUHQFH GLVVLPLODULW\ DFFRXQWV IRU DOO NLQGV RI ULFKQHVV
GLIIHUHQFHV0RUHRYHU LQ WKHPHWKRGSURSRVHGE\%DVHOJD  WKH UHSODFHPHQW
FRPSRQHQWLVLQGHSHQGHQWRIULFKQHVVGLIIHUHQFH
:H SHUIRUPHG D SDUWLDO UHGXQGDQF\ DQDO\VLV 35'$ 5DR  WR YHULI\
ZKHWKHUWKHODQGVFDSHFRQILJXUDWLRQ&29(5DQG0$75,;FDQH[SODLQWKHYDULDWLRQ
LQWKHIXQFWLRQDOEHWDGLYHUVLW\RIHDFKOD\HUDPRQJWKHIUDJPHQWV)RUWKLVDQDO\VLV
ZHXVHG WZRGDWDPDWULFHV WKHPDWUL[ZLWK WKHQXPEHURI IXQFWLRQDO W\SHV LQHDFK
IUDJPHQW DQG WKH PDWUL[ ZLWK WKH ODQGVFDSH SDUDPHWHUV 7KH PDWUL[ ZLWK WKH
ODQGVFDSHSDUDPHWHUVZDVVXEMHFWHG WRDVHOHFWLRQRI YDULDEOHV VWHSZLVH&&$ WR
RSWLPL]H WKHFRUUHODWLRQEHWZHHQDVXEVHWRI ODQGVFDSHYDULDEOHVDQG WKHPDWUL[RI



IXQFWLRQDOW\SHV7KHFDOFXODWLRQRIKRZODQGVFDSHSDUDPHWHUVVHOHFWHGE\VWHSZLVH
&&$ FDQ H[SODLQ WKH YDULDWLRQ LQ WKH EHWD GLYHUVLW\ EHWZHHQ WKH IUDJPHQWV ZDV
FDUULHGRXWDFFRUGLQJWR/HJHQGUHHWDOXVLQJWKHYHJDQSDFNDJHDYDLODEOHLQ
WKH VRIWZDUH 5 5 'HYHORSPHQW &RUH 7HDP  7KH VLJQLILFDQFH RI WKH
SHUFHQWDJH RI H[SODQDWLRQ ZDV HYDOXDWHG DFFRUGLQJ WR WKH SHUPXWDWLRQ PHWKRG
GHVFULEHGE\/HJHQGUH	/HJHQGUHSHUIRUPLQJSHUPXWDWLRQV
7KHODQGVFDSHFRPSRVLWLRQ&29(5SHUFHQWDJHRIFRIIHHSDVWXUHDQGVXJDU
FDQH HIIHFW RQ WKH WRWDO IXQFWLRQDO GLYHUVLW\ )' IXQFWLRQDO GLYHUVLW\ RI FDWHJRULHV
DQG RQ WKH QXPEHU RI LQGLYLGXDOV ZLWKLQ WKH IXQFWLRQDO W\SHV RI ERWK OD\HUV ZDV
HYDOXDWHG XVLQJ D JHQHUDOL]HG OLQHDU PL[HG PRGHOJOPHU LQ 5 SDFNDJH OPH DQG
LQFOXGHG WKH IUDJPHQWV DV D UDQGRP IDFWRU 7KH IUDJPHQW ZDV XVHG DV D UDQGRP
YDULDEOH EHFDXVH LW ZDV QRW LQ RXU LQWHUHVW FKHFN WKH IUDJPHQW HIIHFW RQ IXQFWLRQDO
GLYHUVLW\)'DQGRQWKHQXPEHURILQGLYLGXDOVZLWKLQIXQFWLRQDOW\SHV,QRWKHUZRUGV
ZHFRQVLGHUHGWKHVDPSOHVGHSHQGHQFHZLWKLQHDFKIUDJPHQWDQGLQFUHDVHGWKHWHVW
SRZHU E\ VXEWUDFWLQJ WKH UDQGRP IDFWRU HUURU YDULDWLRQ $ JHQHUDOL]HG OLQHDUPL[HG
PRGHO ZDV UXQWRPRGHO WKH L DEXQGDQFHZLWKLQ IXQFWLRQDO W\SHV UHVSRQVH GDWD
ZLWK3RLVVRQGLVWULEXWLRQDQG LL IXQFWLRQDOGLYHUVLW\ UHVSRQVHGDWDDQG IXQFWLRQDO
GLYHUVLW\ RI FDWHJRULHVZLWK*DXVVLDQ GLVWULEXWLRQ 7KH HIIHFW RI LVRODWHG ODQGVFDSH
SDUDPHWHUV LQGHSHQGHQW YDULDEOH DQG WKH HIIHFW RI SDUDPHWHUV LQ SDLUV ZHUH
FKHFNHG WKURXJK DQ DGGLWLYH UHODWLRQVKLS $Q DGGLWLYH UHODWLRQVKLS PHDQV WKDW WKH
YDOXHRIDYDULDEOHGRHVQRWGHSHQGWKHUHLVQRLQWHUDFWLRQRQWKHYDOXHRIDQRWKHU
YDULDEOHEXW WKHYDULDEOHVDUHQHFHVVDU\ IRUDJRRGPRGHO ILWDQGDPRUHDFFXUDWH
HVWLPDWLRQ6LJQLILFDQWPRGHOVZHUHYDOLGDWHGE\QRUPDOLW\DQGLQGHSHQGHQFHWHVWLQJ
RI UHVLGXH7RDVVHVV WKH SHUIRUPDQFHRIPRGHOV WKH$NDLNH ,QIRUPDWLRQ&ULWHULRQ
$,&ZDVHPSOR\HG%XUQKDP	$QGHUVRQ7KHEHVWPRGHOZDVEDVHGRQWKH
ORZHVW$,&YDOXH&ULVWHWDOWKHǻ$,&DQG$NDLNHZHLJKWVZ$,&7KHǻ$,&LV
WKHGLIIHUHQFHEHWZHHQWKHPRGHODQGWKHPLQLPXP$,&YDOXHVDQGWKHPRGHOVZLWK
ǻ$,&   DUH FRQVLGHUHG DV KDYLQJ VXEVWDQWLDO VXSSRUW ZKLOH WKH $NDLNH ZHLJKWV
Z$,& GHVFULEH WKH SUREDELOLW\ RI WKH PRGHO EHLQJ WKH EHVW PRGHO DPRQJ WKRVH
VWXGLHG %XUQKDP 	 $QGHUVRQ  2QO\ WKH UHVXOWV IURP YDOLG PRGHOV DUH
SUHVHQWHG

5HVXOWV
)XQFWLRQDOFRPSRVLWLRQDQGDGGLWLYHSDUWLWLRQRIIXQFWLRQDOGLYHUVLW\



:HVDPSOHG LQGLYLGXDOVEHORQJLQJ WRVSHFLHV LQ WKHDGXOW OD\HUDQG
LQGLYLGXDOVEHORQJLQJWRVSHFLHVLQWKHVDSOLQJOD\HU7KHWZROD\HUVDUHYHU\
VLPLODU LQ WHUPVRI IXQFWLRQDO FRPSRVLWLRQ %UD\&XUWLV 7KH IXQFWLRQDOJURXSV
ZLWKLQ HDFK IXQFWLRQDO FDWHJRU\ ZLWK WKH KLJKHVW QXPEHU RI DGXOW DQG VDSOLQJ
LQGLYLGXDOVWKDWLVWKHIXQFWLRQDOJURXSVPRUHDEXGDQWVZHUHWKHIROORZLQJIORZHULQJ
LQ UDLQ\ VHDVRQ ZKLWH IORZHUV SROOLQDWLRQ E\ EHHV UHVRXUFH RI QHFWDU IORUDO
GLVSHUVLRQE\ELUGVPDOOQXPEHURIVHHGVDQGVORZJURZWK:KHQZHFRPSDUH WKH
SURSRUWLRQRIDGXOWDQGVDSOLQJ LQGLYLGXDOVZLWKLQHDFK IXQFWLRQDOJURXS WKHVDSOLQJ
OD\HU KDV D KLJKHU SURSRUWLRQ RI LQGLYLGXDOV LQ WKH IROORZLQJ IXQFWLRQDO JURXSV
IORZHULQJ LQ UDLQ\VHDVRQZKLWH IORZHUVSROOLQDWLRQE\EHHVDQGJHQHUDOLVW LQVHFWV
IORZHU UHVRXUFH RI QHFWDU DQG SROOHQ IUXLWLQJ LQ GU\ VHDVRQ GLVSHUVDO E\ ELUGV
PHGLXP IUXLWV VPDOO VHHGV DYHUDJH QXPEHU RI VHHGV SHUHQQLDO LQGLYLGXDOV VHOI
FRPSDWLEOH LQGLYLGXDOV DQG OLJKW ZRRG GHQVLW\ )LJ ,Q DGGLWLRQ WKH UHJHQHUDWLQJ
LQGLYLGXDOVSUHVHQWHGORZHUIXQFWLRQDOGLYHUVLW\W S 
:KHQZH DQDO\]H WKH DGGLWLYH SDUWLWLRQ RI IXQFWLRQDO GLYHUVLW\ DSSUR[LPDWHO\
RIWKHWRWDOGLYHUVLW\JDPPDIRUWKHDGXOWDQGVDSOLQJOD\HUVLVGXHWRGLYHUVLW\
ZLWKLQ WKH IUDJPHQWV DOSKD )LJDE7KHEHWDGLYHUVLW\ EHWZHHQ IUDJPHQWV LV
UHVSRQVLEOH IRU DSSUR[LPDWHO\  RI WKH JDPPD GLYHUVLW\ DQG ZDV KLJKHU WKDQ
H[SHFWHGDWUDQGRPIRUDGXOWVS )LJDDQGVDSOLQJVS )LJE7KH
GLIIHUHQFH EHWZHHQ WKH WZR OD\HUV ZDV WKDW ZKLOH PRVW  RI WKH DGXOW EHWD
GLYHUVLW\ LVJHQHUDWHGE\QHVWLQJPRVWRIWKHEHWDGLYHUVLW\RIWKHVDSOLQJVLV
JHQHUDWHGE\WXUQRYHU

(IIHFWRIODQGVFDSHFRQILJXUDWLRQ
7KHDGXOWLQGLYLGXDOVZHUHQRWDIIHFWHGE\ODQGVFDSHSDUDPHWHUV7KHUHLVQR
UHODWLRQVKLSEHWZHHQWKHVHSDUDPHWHUVDQGLWRWDOIXQFWLRQDOGLYHUVLW\LLIXQFWLRQDO
GLYHUVLW\E\FDWHJRU\LLLDQGEHWDGLYHUVLW\RIDGXOWLQGLYLGXDOV
2Q WKHRWKHU KDQG VDSOLQJ LQGLYLGXDOV DUH SRVLWLYHO\ DIIHFWHG E\ WKH SDVWXUH
PDWUL[ 7KH SHUFHQWDJH RI SDVWXUH PDWUL[ KDV D SRVLWLYH UHODWLRQ ZLWK L WRWDO
IXQFWLRQDOGLYHUVLW\7DEOHDQGLLIXQFWLRQDOGLYHUVLW\RIDOOFDWHJRULHVH[FHSWIUXLW
VL]H 7DEOH  7KH ODUJH SDUW  RI VDSOLQJ EHWD GLYHUVLW\ LV H[SODLQHG E\ WKH
SHUFHQWDJHRISDVWXUHPDWUL[) S 
7KHSHUFHQWDJHRI SDVWXUHPDWUL[ DOVR KDV D SRVLWLYH UHODWLRQZLWK LQGLYLGXDO
DEXQGDQFHRI WKH VDSOLQJ OD\HU IRU WKH IROORZLQJ IXQFWLRQDO W\SHV IORZHULQJ LQ UDLQ\



VHDVRQ ZKLWH IORZHU SROOLQDWLRQ E\ JHQHUDOLVW LQVHFWV DQG EHHV IORUDO UHZDUG RI
QHFWDU DQG SROOHQ GLVSHUVLRQ E\ ELUGV PHGLXP QXPEHU RI VHHGV SHUHQQLDO
LQGLYLGXDOVVHOIFRPSDWLEOHUHSURGXFWLYHV\VWHPDQGOLJKWZRRGGHQVLW\7DEOH

'LVFXVVLRQ
7KHDGXOWDQGVDSOLQJFRPPXQLWLHVSUHVHQWVLPLODUIXQFWLRQDOFRPSRVLWLRQDQG
SDUWLWLRQ RI GLYHUVLW\ KRZHYHU WKHUH DUH FRQVLGHUDEOH GLIIHUHQFHV EHFDXVH WKH
VDSOLQJ OD\HUKDVD ODUJHUQXPEHURI LQGLYLGXDOV LQPRUHJHQHUDOLVWFDWHJRULHVVXFK
DV ZKLWH IORZHUV SROOLQDWLRQ E\ JHQHUDOLVW LQVHFW VPDOO VHHGV VHOIFRPSDWLEOH
UHSURGXFWLYHV\VWHPDQGOLJKWZRRGGHQVLW\7KLVOD\HUDOVRSUHVHQWVORZHUIXQFWLRQDO
GLYHUVLW\DQGWKHEHWDGLYHUVLW\YDULDWLRQ LVGXHWR WXUQRYHUQRW WRQHVWLQJDVIRXQG
IRUWKHDGXOWLQGLYLGXDOV,QDGGLWLRQZKLOHWKHDGXOWFRPPXQLW\LVQRWDIIHFWHGE\DQ\
ODQGVFDSH SDUDPHWHU WKH VDSOLQJ FRPPXQLW\ KDV D SRVLWLYH UHODWLRQVKLS ZLWK WKH
SHUFHQWDJHRISDVWXUH
:H K\SRWKHVL]HG WKDW WKHUH ZRXOG EH D ODUJH GLIIHUHQFH LQ IXQFWLRQDO
FRPSRVLWLRQEHWZHHQOD\HUV'HVSLWHWKDWVRPHUHVXOWVVXSSRUWRXUK\SRWKHVLVVXFK
DVGLIIHUHQFHVLQLQGLYLGXDODEXQGDQFHLQVRPHIXQFWLRQDOFDWHJRULHVWKHOD\HUVZHUH
VLPLODULQWHUPVRIIXQFWLRQDOFRPSRVLWLRQ7KLVUHVXOWLVXQH[SHFWHGEHFDXVHDVWXG\
LQ WKH VDPH UHJLRQ UHYHDOHG WKDW WKHVH WZR OD\HUV DUH YHU\ GLIIHUHQW LQ WHUPV RI
IORULVWLF FRPSRVLWLRQ &DUQHLURHWDO XQSXEOLVKHGGDWD ,QRWKHUZRUGV OD\HUVKDYH
GLIIHUHQWVSHFLHVEXWVLPLODUIXQFWLRQV2XUK\SRWKHVLVIRUH[SODLQLQJWKLVUHVXOWLVWKDW
DOWKRXJK WKHVSHFLHVDUHGLIIHUHQW WKRVH WKDWEHORQJ WRJHQHUDOLVW IXQFWLRQDOJURXSV
DUH FRPPRQ LQ ERWK OD\HUV 7KH UHVXOW WKDW VXSSRUWV WKLV K\SRWKHVLV LV WKDW WKH
IXQFWLRQDO GLYHUVLW\ RI WKH DGXOW FRPPXQLW\ LV QHVWHG ,Q RWKHU ZRUGV OHVV GLYHUVH
DGXOW FRPPXQLWLHV DUH D VXEVHW RI WKH PRVW GLYHUVH FRPPXQLWLHV 1HVWLQJ LV
JHQHUDWHG E\ WKH RUGHUHG ORVV RI PRUH VHQVLWLYH IXQFWLRQV DQG FRQVHTXHQWO\ DQ
LQFUHDVH LQ GRPLQDQFH RI WROHUDQW VSHFLHV &KDVH 	 0\HUV  7KXV WKH OHVV
GLYHUVH FRPPXQLWLHV RU WKRVHGRPLQDWHG E\ DEXQGDQW VSHFLHV WKDW KDYHQRW EHHQ
ORVW \HW DUHD VDPSOHRI WKHPRVW GLYHUVH FRPPXQLWLHVZLWKRXW VHQVLWLYH DQG UDUH
VSHFLHV/DXUDQFHHWDO$UUR\R5RGUtJXH]HWDO
$QRWKHU VLPLODULW\ EHWZHHQ WKH OD\HUV LV WKH DGGLWLYH SDUWLWLRQ RI IXQFWLRQDO
GLYHUVLW\ZKHUHPRVWRIJDPPDGLYHUVLW\LVGXHWRGLYHUVLW\ZLWKLQSORWVDOSKD
GLYHUVLW\ERWKIRUDGXOWVDQGVDSOLQJV7KLVUHVXOWLVDOVRFRQWUDU\WRZKDWZDVIRXQG
IRUVSHFLHVFRPSRVLWLRQ LQ WKHVDPH UHJLRQ &DUQHLURHWDOXQSXEOLVKHGGDWD7KH



DGGLWLYHSDUWLWLRQRIVSHFLHVGLYHUVLW\UHYHDOHGWKDWRIWKHJDPPDGLYHUVLW\LVGXH
WREHWDGLYHUVLW\GLYHUVLW\EHWZHHQIUDJPHQWV&DUQHLURHWDOXQSXEOLVKHGGDWDQRW
WKHDOSKDGLYHUVLW\DV UHYHDOHGE\ WKLVVWXG\7KLV UHVXOW LVDOVRFRQWUDU\ WRZKDW LV
XVXDOO\ IRXQG IRU VSHFLHV FRPSRVLWLRQ LQ WURSLFDO IRUHVWV &RQGLW &RQWLQXRXV
WURSLFDOIRUHVWVKDYHKLJKDOSKDGLYHUVLW\EXWPRVWRIJDPPDGLYHUVLW\LVGXHWREHWD
GLYHUVLW\ &RQGLW  7KLV KDSSHQV GXH WR KLJK HQYLURQPHQWDO KHWHURJHQHLW\ RI
IRUHVWV DQG GLVSHUVLRQ 0DF$UWKXU 	 0DF$UWKXU  %XWD\H HW DO  7KH
KHWHURJHQHLW\ FUHDWHV GLIIHUHQW QLFKHV WKDW KDUERU GLIIHUHQW VSHFLHV SHUIRUPLQJ
GLIIHUHQW IXQFWLRQV0DF$UWKXU	0DF$UWKXUZKLOHVHHGDQGSROOHQGLVSHUVLRQ
OHDGVWRDJUHDWHUVSHFLHVIORZ%XWD\HHWDO7KHIDFWWKDWRIWKHJDPPD
GLYHUVLW\ LV GXH WR DOSKD GLYHUVLW\DQG WKH IUDJPHQWV SUHVHQWV VPDOO EHWD GLYHUVLW\
LQGLFDWHVWKDWWKHUHLVDJUHDWIXQFWLRQDOUHGXQGDQF\EHWZHHQWKHIUDJPHQWVWKDWLV
WKHIUDJPHQWVKDYHYHU\VLPLODUIXQFWLRQV
7KHGLIIHUHQFHEHWZHHQ WKH OD\HUV LV WKDWZKLOH WKH IXQFWLRQDOGLYHUVLW\RI WKH
DGXOW FRPPXQLW\ LV QHVWHG WKH VWUXFWXUH RI WKH VDSOLQJ FRPPXQLW\ LV JHQHUDWHGE\
WXUQRYHU WKDW LV WKHUH LV DQ H[FKDQJH RI VSHFLHV EHWZHHQ VDSOLQJ FRPPXQLWLHV LQ
IUDJPHQWV /DXUHQFHHWDO%DVHOJD8QIRUWXQDWHO\ WKH UHVXOWV LQGLFDWH
WKDW WKLVVSHFLHVH[FKDQJHGRHVQRWVHHPWREHQHILW WKHVDSOLQJFRPPXQLW\:KHQ
ZH FRPSDUH WKH SURSRUWLRQ RI LQGLYLGXDOV LQ IXQFWLRQDO JURXSV EHWZHHQ OD\HUV WKH
VDSOLQJ FRPPXQLW\ SUHVHQWV D KLJKHU SURSRUWLRQ RI LQGLYLGXDOV LQ PRUH JHQHUDOLVW
IXQFWLRQDOJURXSVVXFKDVZKLWHIORZHUVSROOLQDWLRQE\JHQHUDOLVWLQVHFWVPDOOVHHGV
VHOIFRPSDWLEOH UHSURGXFWLYH V\VWHP DQG OLJKW ZRRG GHQVLW\ ,Q DGGLWLRQ WKLV OD\HU
KDVOHVVIXQFWLRQDOGLYHUVLW\WKDQWKHDGXOWOD\HU7KHVHWKUHHIDFWVKLJKWUHGXQGDQFH
IXQFWLRQDO EHWZHHQ IUDJPHQWV WKH GRPLQDQFH RI JHQHUDOLVW IXQFWLRQV DQG OHVV
IXQFWLRQDO GLYHUVLW\ FRQILUP RXU LQLWLDO K\SRWKHVLV WKDW VDSOLQJ LQGLYLGXDOV DUH EHLQJ
DIIHFWHG E\ WKH IUDJPHQWDWLRQ SURFHVVWKDW WKLV SURFHVV SDUWLFXODUO\ WKH ODQGVFDSH
FRPSRVLWLRQ LV DFWLQJ DV DQ HQYLURQPHQWDO ILOWHU LQKLELWLQJ WKH HVWDEOLVKPHQW RI
VSHFLHV WKDW SHUIRUP PRUH VHQVLWLYH IXQFWLRQV DQG IDYRULQJ WKH HVWDEOLVKPHQW RI
PRUHJHQHUDOLVWVSHFLHVWKDWFRQVHTXHQWO\UHGXFHIXQFWLRQDOGLYHUVLW\
7KHSHUFHQWDJHRISDVWXUHPDWUL[KDVDSRVLWLYH UHODWLRQZLWK WRWDO IXQFWLRQDO
GLYHUVLW\ IXQFWLRQDO GLYHUVLW\ RI PRVW IXQFWLRQDO FDWHJRULHV DQG WKH SURSRUWLRQ RI
LQGLYLGXDOV LQ VRPH IXQFWLRQDO JURXSV +RZHYHU WKLV UHVXOW LV FRQWUDU\ WR RXU
H[SHFWDWLRQV :H H[SHFWHG WKDW WKLV DQWKURSRJHQLF PDWUL[ ZRXOG KDYH D QHJDWLYH
HIIHFWRQWKHVDSOLQJFRPPXQLW\VLQFHSDVWXUHPDWULFHVKDYHVWUXFWXUHSODQWKHLJKW



DQGGHQVLW\DQGDPLFURFOLPDWHYHU\GLIIHUHQWIURPIRUHVWIUDJPHQWV0HVTXLWDHWDO
 ,QKRVSLWDEOH PDWULFHV VXFK DV SDVWXUHV FDQ LQFUHDVH PLFURFOLPDWLF
GLIIHUHQFHVEHWZHHQWKHIUDJPHQWDQGHGJHLQWHQVLI\LQJWKHHGJHHIIHFWDQGPDNLQJ
GLVSHUVDO EHWZHHQ IUDJPHQWV GLIILFXOW *DOHWWL HW DO  2XU K\SRWKHVLV IRU WKLV
VXUSULVLQJ ILQGLQJ LV WKDW SDVWXUH LQFUHDVHV WRWDO IXQFWLRQDO GLYHUVLW\ DQG ZLWKLQ
IXQFWLRQDO FDWHJRULHVEHFDXVH WKLVDQWKURSRJHQLFPDWUL[ LVEHQHILWLQJ WKH LQGLYLGXDO
DEXQGDQFH RIPRUH JHQHUDOLVW JURXSV D IDFW WKDW LV FRQILUPHG E\ RXU UHVXOWV2XU
H[SHFWDWLRQ LV WKDWRYHU WKH\HDUV WKLVHIIHFWZLOO EHFRPHQHJDWLYH VLQFH WKHUH LVD
WHQGHQF\IRUWKHVHIUDJPHQWVWREHGRPLQDWHGE\PRUHJHQHUDOLVWIXQFWLRQV
$VH[SHFWHGWKHDGXOWFRPPXQLW\LVQRWDIIHFWHGE\DQ\ODQGVFDSHSDUDPHWHU
7KLV UHVXOW LV DQ DOHUW &RQFOXVLRQV DERXW IUDJPHQWDWLRQ HIIHFWV DQG FRQVHUYDWLRQ
LQLWLDWLYHV VKRXOG QRW EHPDGH FRQVLGHULQJ RQO\ DGXOW VSHFLHV GLYHUVLW\ $ SUHYLRXV
ZRUN LQ WKHUHJLRQVKRZHG WKDW LQ WHUPVRIVSHFLHVFRPSRVLWLRQ WKH IUDJPHQWVDUH
YHU\ULFKDQGKDYHKLJKGLYHUVLW\&DUQHLURHWDOVXEPLWWHG,IWKHVDSOLQJOD\HUZDV
QRWDQDO\]HGZHFRXOGFRQFOXGHWKDW WKHIUDJPHQWVDUH LQJRRGFRQGLWLRQVLQFHWKH
IXQFWLRQDO GLYHUVLW\ RI WKH DGXOW OD\HU LV QRW DIIHFWHGE\ WKH ODQGVFDSH FRPSRVLWLRQ
$QRWKHU UHOHYDQW SRLQW LV WKH IXQFWLRQDO GLYHUVLW\ VWXG\ DOWKRXJK ZH IRXQG WKDW LQ
UHODWLRQ WRVSHFLHVFRPSRVLWLRQ WKH IUDJPHQWVKDYH WKHSDVWXUHPDWUL[EHQHILWV WKH
KLJK GLYHUVLW\ RI VSHFLHV FRPSRVLWLRQ +RZHYHU WKH VSHFLHV WKDW EHQHILW DUH WKRVH
WKDWSHUIRUPPRUHJHQHUDOIXQFWLRQV
7KLVZRUN LV WKH ILUVW WRSDUWLWLRQ IXQFWLRQDOGLYHUVLW\DQGYHULI\ WKH ODQGVFDSH
HIIHFWRQIXQFWLRQDOGLYHUVLW\7KHUHVXOWVIRXQGDUHZRUU\LQJ)UDJPHQWUHJHQHUDWLRQ
LVEHLQJDIIHFWHGE\ IUDJPHQWDWLRQDQG WKHSDVWXUHVJURZLQJDURXQG WKH IUDJPHQWV
DUH EHQHILWLQJ WKH LQGLYLGXDO DEXQGDQFH RI PRUH JHQHUDOLVW JURXSV ,I WKHUH LV QR
PDQDJHPHQW WKHQHZDVVHPEODJHRI WUHHV LQ WKH IUDJPHQWVZLOOFKDQJHRYHU WLPH
WKH\ZLOOEHFRPHSRRUHUDQGPRUHJHQHUDOLVW0HDVXUHVQHHGWREHWDNHQLQRUGHUWR
SUHVHUYH WKHVH HQYLURQPHQWV EHFDXVH PRVW RI WKH WURSLFDO ELRGLYHUVLW\ WRGD\ LV
ORFDWHG LQ IRUHVW IUDJPHQWV 3HUIHFWR 	 9DQGHUPHHU  ,I QRWKLQJ LV GRQH WKH
SUHGLFWLRQVDUHSHVVLPLVWLF)XQFWLRQDOGLYHUVLW\LVH[WUHPHO\LPSRUWDQWIRUHFRV\VWHP
EDODQFHDQG UHVLOLHQFH 'LD]	&DELGR DQG FRPPXQLWLHVZLWK ORZ IXQFWLRQDO
GLYHUVLW\ PD\ QRW EH DEOH WR UHFRYHU IURP HQYLURQPHQWDO GLVWXUEDQFHV UHVLOLHQFH
EHFDXVHWKHORVVRIMXVWDIHZVSHFLHVFDQUHSUHVHQWWKHORVVRIPDQ\IXQFWLRQV'LD]
	&DELGR(QULTXHHWDO




$FNQRZOHGJPHQWV
:H WKDQN 'HUHN )HOLSH (UORQ 3LPHQWD $QGUp &DUYDOKR 0DUFHOD $OFDQWDUD DQG
%UXQR5REHUWR5LEHLURIRUKHOSLQJZLWKILHOGZRUN+LVDLDV$OPHLGDIRU LGHQWLI\LQJWKH
VSHFLHVDQG5R\)XQFKIRUFRUUHFWLQJWKH(QJOLVK

)XQGLQJVRXUFH
7KLV UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ D JUDQW IURP WKH &RRUGHQDomR GH
$SHUIHLoRDPHQWR GH 3HVVRDO GH 1tYHO 6XSHULRU &$3(6 DZDUGHG WR0DJGD 6LOYD
&DUQHLUR7KHSURMHFWZDVDOVRVXSSRUWHGE\ WKH)XQGDomRGH$PSDURD3HVTXLVD
GR(VWDGRGH0LQDV*HUDLV)$3(0,*9DOH&RPSDQ\5'3
DQGWKH&RQVHOKR1DFLRQDOGH'HVHQYROYLPHQWR&LHQWLILFRH7HFQROyJLFR&13T
 DQG  7KHVH DJHQFLHV GLG QRW LQIOXHQFH LQ VWXG\
GHVLJQ FROOHFWLRQDQDO\VLVDQG LQWHUSUHWDWLRQRI GDWD WKHZULWLQJRI WKH UHSRUW DQG
WKHGHFLVLRQWRVXEPLWWKHDUWLFOHIRUSXEOLFDWLRQ

5HIHUHQFH

$OYDUHV&&6WDSH-/6HQWHOKDV36*RQoDOYHV-/06SDURYHN*.|SSHQ
VFOLPDWH
FODVVLILFDWLRQPDSIRU%UD]LO0HWHRURORJLVFKH=HLWVFKULIW
$UUR\R5RGUtJXH]95|V0(VFREDU)0HOR)3/6DQWRV%$7DEDUHOOL0&KD]GRQ
53ODQWȕGLYHUVLW\LQIUDJPHQWHGUDLQIRUHVWV7HVWLQJIORULVWLFKRPRJHQL]DWLRQ
DQGGLIIHUHQWLDWLRQK\SRWKHVHV-RXUQDORI(FRORJ\±
%DVHOJD $ /HSULHXU )  &RPSDULQJ PHWKRGV WR VHSDUDWH FRPSRQHQWV EHWD
GLYHUVLW\0HWKRGVLQ(FRORJ\DQG(YROXWLRQ
%DVHOJD $  3DUWLWLRQLQJ WKH WXUQRYHU DQG QHVWHGQHVV FRPSRQHQWV RI EHWD
GLYHUVLW\*OREDO(FRORJ\DQG%LRJHRJUDSK\
%XUQKDP.3$QGHUVRQ'5.XOOEDFN/HLEOHULQIRUPDWLRQDVDEDVLVIRUVWURQJ
LQIHUHQFHLQHFRORJLFDOVWXGLHV:LOGOLIH5HVHDUFK
%XWD\H - -DFTXHP\Q + +RQQD\ 2 +HUP\ 0  7KH VSHFLHV SRRO FRQFHSW
DSSOLHG WR IRUHVWV LQ D IUDJPHQWHG ODQGVFDSH GLVSHUVDO OLPLWDWLRQ YHUVXV KDELWDW
OLPLWDWLRQ-RXUQDORI9HJHWDWLRQ6FLHQFH
&DUQHLUR06&DPSRV&&)5DPRV)16DQWRV)$06SDWLDOVSHFLHVWXUQRYHU
PDLQWDLQVKLJKGLYHUVLWLHV LQD WUHHDVVHPEODJHRID IUDJPHQWHG WURSLFDO ODQGVFDSH
(FRVSKHUHH



&DVWLOKR))$ (FRQRPLD6XO0LQHLUD R DEDVWHFLPHQWR LQWHUQRH D H[SDQVmR
FDIHHLUD5HYLVWDGH+LVWRULD(FRQ{PLFD	(FRQRPLD5HJLRQDO$SOLFDGD

&RQGLW53LWPDQ1/HLJK(*&KDYH-7HUERUJK-)RVWHU5%0XOOHU/DQGDX+&
%HWDGLYHUVLW\LQWURSLFDOIRUHVWWUHHV6FLHQFH
&RUQHOLVVHQ-+&/DYRUHO6*DUQLHU('LD]6%XFKPDQQ1*XUYLFK'(3DXVDV
-*$KDQGERRNRISURWRFROVIRUVWDQGDUGLVHGDQGHDV\PHDVXUHPHQWRISODQW
IXQFWLRQDOWUDLWVZRUOGZLGH$XVWUDOLDQMRXUQDORI%RWDQ\
&ULVW729HHFK-$*HULQJ-&6XPPHUYLOOH.63DUWLWLRQLQJVSHFLHVGLYHUVLW\
DFURVV ODQGVFDSHVDQGUHJLRQV DKLHUDUFKLFDO DQDO\VLVRIĮȕDQGȖGLYHUVLW\7KH
$PHULFDQ1DWXUDOLVW
'HFRQFKDW0 %URFNHUKRII (* %DUEDUR /  (IIHFWV RI VXUURXQGLQJ ODQGVFDSH
FRPSRVLWLRQ RQ WKH FRQVHUYDWLRQ HFRORJLFDO YDOXH RI QDWLYH DQG H[RWLF KDELWDWV IRU
QDWLYHIRUHVWELUGV)RUHVW(FRORJ\0DQDJHPHQW
'ÕғD] 6 &DELGR 0  9LYH OD GLIIHUHQFH SODQW IXQFWLRQDO GLYHUVLW\ PDWWHUV WR
HFRV\VWHPSURFHVVHV7UHQGVLQ(FRORJ\	(YROXWLRQ
(QULTXH* /ORUHW )3pUH]5DPRV ,00DUDxyQ76DXUD0DV6'tD]'HOJDGR5
9LOODU57KHLPSRUWDQFHRIIXQFWLRQDOGLYHUVLW\LQWKHVWDELOLW\RI0HGLWHUUDQHDQ
VKUXEODQGFRPPXQLWLHVDIWHUWKHLPSDFWRIH[WUHPHFOLPDWLFHYHQWV-RXUQDORI3ODQW
(FRORJ\UWZ
)DKULJ /  (IIHFWV RI KDELWDW IUDJPHQWDWLRQ RQ ELRGLYHUVLW\ $QQXDO 5HYLHZ RI
(FRORJ\DQG6\VWHPDWLFV
*DOHWWL 0 $OYHV&RVWD &3 &D]HWWD (  (IIHFWV RI IRUHVW IUDJPHQWDWLRQ
DQWKURSRJHQLF HGJHV DQG IUXLW FRORU RQ WKH FRQVXPSWLRQ RI RUQLWKRFRULF IUXLWV
%LRORJLFDO&RQVHUYDWLRQ
*DVWRQ .- %ODFNEXUQ 70  3DWWHUQ DQG SURFHVV LQ PDFURHFRORJ\ 2[IRUG
%ODFNZHOO6FLHQFH
*RPH] -3 %UDYR*$ %UXPILHOG57 7HOOR -* &DGHQD&'  $ SK\ORJHQHWLF
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7DEOH  )XQFWLRQDO FDWHJRULHV VWXGLHGZLWK WKHLU UHVSHFWLYH UHSURGXFWLYH IXQFWLRQDO
JURXSV5)*VDQGFRPPXQLW\IXQFWLRQVWKDWFDQDIIHFWIXQFWLRQDOW\SHFKDQJHV
)XQFWLRQDOFDWHJRULHV )XQFWLRQDOW\SH $IIHFWHGIXQFWLRQ
)ORZHULQJVHDVRQ  3ROOLQDWLRQ
5HVRXUFHSURYLVLRQIRU
ZLOGOLIH
 5DLQ\2FWREHU0DUFK 
 'U\$SULO±6HSWHPEHU 
)ORZHUFRORU  3ROOLQDWRUDWWUDFWLRQ
5HSURGXFWLRQVXFFHVV
 <HOORZ 
 :KLWH 
 5HG 
 *UHHQ 
3ROOLQDWLRQ  5HSURGXFWLRQVXFFHVV
:LOGOLIHDVVRFLDWHG
'LVWXUEDQFHWROHUDQFH
 %HHV 
 %HHWOHV 
 %XWWHUIOLHV 
 )OLHV 
 *HQHUDOLVWLQVHFWV 
 9HUWHEUDWHV 
 :DVSV 
 :LQG 
)ORUDOUHZDUG  5HVRXUFHSURYLVLRQIRU
ZLOGOLIH
:LOGOLIHDVVRFLDWHG
 )ORUDOWLVVXHV 
 1HFWDU 
 2GRU 
 2LO 
 3ROOHQ 
 6KHOWHU 
 :LWKRXWUHVRXUFH 
)UXLWLQJVHDVRQ  'LVSHUVLRQ
5HVRXUFHSURYLVLRQIRU
ZLOGOLIH
 5DLQ\2FWREHU0DUFK 
 'U\$SULO±6HSWHPEHU 
'LVSHUVDO  5HSURGXFWLRQVXFFHVV
0LJUDWLRQ
'LVSHUVDOGLVWDQFH
 6HOIGLVSHUVDO 
 %LUGV 
 /DUJHPDPPDOV 
 6PDOOPDPPDOV 
 %DWV 



 :LQG 
)UXLWVL]H  :LOGOLIHDVVRFLDWHG
'LVSHUVDOGLVWDQFH
/RQJHYLW\LQVHHGEDQN
 6PDOOFP 
 0HGLXPFP 
 /DUJH!FP 
)UXLWW\SH  :LOGOLIHDVVRFLDWHG
'LVSHUVDOGLVWDQFH
/RQJHYLW\LQVHHGEDQN
 )OHVK\ 
 'U\ 
6HHGVL]H  :LOGOLIHDVVRFLDWHG
'LVSHUVDOGLVWDQFH
/RQJHYLW\LQVHHGEDQN
5HVRXUFHSURYLVLRQIRU
ZLOGOLIH
&RPSHWLWLYHDELOLW\
 6PDOOFP 
 0HGLXPFP 
 /DUJH!FP 
6HHGW\SH  /RQJHYLW\LQVHHGEDQN
6WUHVVWROHUDQFH
 2UWKRGR[ 
 5HFDOFLWUDQW 
6HHGQXPEHU  &RPSHWLWLYHDELOLW\
5HSURGXFWLRQVXFFHVV
5HVRXUFHVSURYLVLRQIRU
ZLOGOLIH
 )HZVHHGVVHHGV 
 0HGLXPQXPEHURI
VHHGV
VHHGV

 0DQ\VHHGV!
VHHGV

/HDISKHQRORJ\  6WUHVVWROHUDQFH
'LVWXUEDQFHDYRLGDQFH
 'HFLGXRXV 
 3HUHQQLDO 
6XFFHVVLRQDOFODVV  'LVWXUEDQFHWROHUDQFH
&RPSHWLWLYHDELOLW\
&RPSRVLWLRQFKDQJH
6XFFHVVLRQIDLOHG
 3LRQHHU 
 &OLPD[ 
5HSURGXFWLYHV\VWHPV  'LVWXUEDQFHWROHUDQFH
5HSURGXFWLRQVXFFHVV
 6HOIFRPSDWLEOH 
 6HOILQFRPSDWLEOH 
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
*URZWKUDWH  &RPSHWLWLYHDELOLW\
3ODQWORQJHYLW\
 )DVWJURZWK!FP 
 6ORZJURZWKFP 
:RRGGHQVLW\  &RPSHWLWLYHDELOLW\
&DUERQVWRUDJH
 /LJKWGHQVLW\!
JFPñ

 0RGHUDWHGHQVLW\
JFPñ

 +HDY\GHQVLW\
JFPñ


 
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
7DEOH  5HODWLRQ EHWZHHQ WRWDO IXQFWLRQDO GLYHUVLW\ IXQFWLRQDO GLYHUVLW\ RI WKH
IXQFWLRQDO FDWHJRULHV DQG WKH DEXQGDQFH RI LQGLYLGXDOV ZLWKLQ HDFK IXQFWLRQDO W\SH
DQG WKH SDUDPHWHUV RI WKH ODQGVFDSH DQDO\]HG 1RQVLJQLILFDQW PRGHOV DUH QRW
SUHVHQWHG
 DŽĚĞůƐ  
dŽƚĂůĨƵŶĐƚŝŽŶĂůĚŝǀĞƌƐŝƚǇ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘Ϭϵ Ϭ͘ϬϬϬϭ  
WĂƐƚƵƌĞ Ϭ͘ϬϬϮ Ϭ͘Ϭϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϯ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘Ϭϲ Ͳ Ͳ Ͳ
&ƵŶĐƚŝŽŶĂůĚŝǀĞƌƐŝƚǇŽĨĐĂƚĞŐŽƌŝĞƐ    
&ůŽǁĞƌŝŶŐƐĞĂƐŽŶ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϯϳ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ Ϭ͘ϵϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϯ Ϭ͘ϬϬϵ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϬϬϬϭ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϲ Ͳ Ͳ Ͳ
&ůŽǁĞƌĐŽůŽƌ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘Ϯϵ фϬ͘Ϭϱ Ͳ Ͳ
WĂƐƚƵƌĞ Ϭ͘Ϭϱ Ϭ͘Ϭϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϳ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϮ Ͳ Ͳ Ͳ
WŽůůŝŶĂƚŝŽŶ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘Ϯϳ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϯ Ϭ͘ϬϬϲ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϬϬϱ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϮ Ͳ Ͳ Ͳ
&ůŽƌĂůƌĞǁĂƌĚ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘Ϯϰ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ Ϭ͘ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϯ Ϭ͘ϬϬϬϭ  
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


ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϵ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘Ϭϵ Ͳ Ͳ Ͳ
&ƌƵŝƚŝŶŐƐĞĂƐŽŶ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϰϯ Ϭ͘ϬϬϬϭ Ͳ Ͳ
WĂƐƚƵƌĞ Ϭ͘Ϭϯ Ϭ͘ϬϬϱ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϯ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϰ Ͳ Ͳ Ͳ
ŝƐƉĞƌƐĂů ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϯϭ фϬ͘Ϭϱ Ͳ Ͳ
WĂƐƚƵƌĞ Ϭ͘ϬϮ Ϭ͘ϬϬϴ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϱ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϮ Ͳ Ͳ Ͳ
&ƌƵŝƚƚǇƉĞ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϯϱ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϰ Ϭ͘ϬϬϮ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϰϲ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϲ Ͳ Ͳ Ͳ
^ĞĞĚƐŝǌĞ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘Ϯϰ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϱ Ϭ͘ϬϬϬϯ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϱϱ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϭ Ͳ Ͳ Ͳ
^ĞĞĚƚǇƉĞ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϯϯ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϰ Ϭ͘ϬϬϯ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϬϮ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϱ Ͳ Ͳ Ͳ
^ĞĞĚŶƵŵďĞƌ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    



/ŶƚĞƌĐĞƉƚ Ϭ͘ϯϮ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϯ Ϭ͘ϬϬϯ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϳ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϮ Ͳ Ͳ Ͳ
>ĞĂĨƉŚĞŶŽůŽŐǇ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϰϭ Ϭ͘ϬϬϬϭ Ͳ Ͳ
WĂƐƚƵƌĞ Ϭ͘Ϭϰ Ϭ͘ϬϬϰ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϬϬϱ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϱ Ͳ Ͳ Ͳ
^ƵĐĐĞƐƐŝŽŶĂůĐůĂƐƐ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϰϭ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϰ Ϭ͘ϬϬϰ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϬϮ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϱ Ͳ Ͳ Ͳ
ZĞƉƌŽĚƵĐƚŝǀĞƐǇƐƚĞŵƐ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϯϴ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϰ Ϭ͘ϬϬϮ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϰ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϱ Ͳ Ͳ Ͳ
'ƌŽǁƚŚƌĂƚĞ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϰϮ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϰ Ϭ͘ϬϬϯ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϰ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϱ Ͳ Ͳ Ͳ
tŽŽĚĚĞŶƐŝƚǇ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘Ϯϵ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ ϭ
WĂƐƚƵƌĞ Ϭ͘Ϭϯ Ϭ͘ϬϬϯ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϭϮ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϯ Ͳ Ͳ Ͳ
/ŶĚŝǀŝĚƵĂůƐĂďƵŶĚĂŶĐĞŝŶĨƵŶĐƚŝŽŶĂůƚǇƉĞƐ    
&ůŽǁĞƌŝŶŐŝŶƌĂŝŶǇƐĞĂƐŽŶ ƐƚŝŵĂƚĞ Ɖ ȴ/Đ ǁ



ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϵϯ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ Ϭ͘ϵϳ
WĂƐƚƵƌĞ Ϭ͘ϬϮ Ϭ͘ϬϬϬϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϭ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϭϬ Ͳ Ͳ Ͳ
tŚŝƚĞĨůŽǁĞƌƐ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϰϰ Ϭ͘Ϭϯ Ͳ Ͳ
WĂƐƚƵƌĞ Ϭ͘ϬϮ Ϭ͘ϬϬϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϭϱ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϯϵ Ͳ Ͳ Ͳ
WŽůůŝŶĂƚŝŽŶďǇŐĞŶĞƌĂůŝƐƚŝŶƐĞĐƚƐ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ ͲϬ͘ϴϲ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ Ϭ͘ϴϳ
WĂƐƚƵƌĞ Ϭϭ͘ϬϮ Ϭ͘ϬϬϬϴ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϭ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘Ϭϭ Ͳ Ͳ Ͳ
WŽůůŝŶĂƚŝŽŶďǇďĞĞƐ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϲϵ Ϭ͘ϬϬϱ Ϭ͘Ϭ Ϭ͘ϵϮ
WĂƐƚƵƌĞ Ϭ͘ϬϮ Ϭ͘ϬϬϬϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϴ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘Ϯϴ Ͳ Ͳ Ͳ
&ůŽƌĂůƌĞǁĂƌĚďǇŶĞĐƚĂƌ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϵϴ Ϭ͘ϬϬϬϭ Ͳ Ͳ
WĂƐƚƵƌĞ Ϭ͘Ϭϭ Ϭ͘ϬϬϯ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘ϭϭ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϯϯ Ͳ Ͳ Ͳ
&ůŽƌĂůƌĞǁĂƌĚďǇƉŽůůĞŶ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ ͲϬ͘ϵϵ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ Ϭ͘ϳϬ
WĂƐƚƵƌĞ Ϭ͘Ϭϯ Ϭ͘ϬϬϬϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ Ͳ Ͳ Ͳ



ZĞƐŝĚƵĂůƐ Ϭ Ͳ Ͳ Ͳ
ŝƐƉĞƌƐĂůďǇďŝƌĚƐ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϵϭ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ Ϭ͘ϵϰ
WĂƐƚƵƌĞ Ϭ͘ϬϮ Ϭ͘ϬϬϬϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϰ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϮϬ Ͳ Ͳ Ͳ
DĞĚŝƵŵŶƵŵďĞƌŽĨƐĞĞĚƐ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ ͲϬ͘ϲϴ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ Ϭ͘ϲϴ
WĂƐƚƵƌĞ Ϭ͘ϬϮ Ϭ͘ϬϬϬϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ Ͳ Ͳ Ͳ
WĞƌĞŶŶŝĂůŝŶĚŝǀŝĚƵĂůƐ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϴϯ Ϭ͘ϬϬϬϭ Ϭ͘Ϭ Ϭ͘ϴϭ
WĂƐƚƵƌĞ Ϭ͘ϬϮ Ϭ͘ϬϬϬϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϲ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘Ϯϲ Ͳ Ͳ Ͳ
^ĞůĨͲĐŽŵƉĂƚŝďůĞƌĞƉƌŽĚƵĐƚŝǀĞƐǇƐƚĞŵ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϭϰ Ϭ͘ϰ Ͳ Ͳ
WĂƐƚƵƌĞ Ϭ͘ϬϮ Ϭ͘ϬϬϬϭ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϱ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘Ϯϰ Ͳ Ͳ Ͳ
&ŝǆĞĚĞĨĨĞĐƚƐ    
>ŝŐŚƚĚĞŶƐŝƚǇ ƐƚŝŵĂƚĞ Ɖ
ĞĐŽůŽŐŝĐĂů
ǀĂůƵĞ
ȴ/Đ ǁ
&ŝǆĞĚĞĨĨĞĐƚƐ    
/ŶƚĞƌĐĞƉƚ Ϭ͘ϯϬ Ϭ͘Ϭϰ Ͳ Ͳ
WĂƐƚƵƌĞ Ϭ͘ϮϬ Ϭ͘ϬϬϴ  
ZĂŶĚŽŵĞĨĨĞĐƚ    
&ƌĂŐŵĞŶƚ Ϭ͘Ϭϰ Ͳ Ͳ Ͳ
ZĞƐŝĚƵĂůƐ Ϭ͘ϮϮ Ͳ Ͳ Ͳ
 

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

)LJXUH/RFDWLRQRIWKHHLJKWIUDJPHQWVVWXGLHGLQ$OIHQDV0LQDV*HUDLV2UDQJH
SRO\JRQV UHSUHVHQW VWXGLHG IRUHVW DQG JUHHQ SRO\JRQV UHSUHVHQW RWKHU IRUHVWV
SDWFKHV
 
ŝƐ


&ůŽǁĞƌŝŶ
zĞůůŽǁ
ZĞĚ
WŽůůŝŶĂƚ
WŽůůŝŶĂƚŝŽŶͲƵ
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&RQVLGHUDo}HVILQDLV

&RQVLGHUDQGRTXHDPDLRUSDUWHGDELRGLYHUVLGDGHWURSLFDOHVWiORFDOL]DGD
HP IUDJPHQWRV IORUHVWDLV LQVHULGRV HP SDLVDJHQV DQWURSL]DGDV RV REMHWLYRV
SULQFLSDLV GHVVH HVWXGR IRUDP YHULILFDU L VH IUDJPHQWRV IORUHVWDLV LQVHULGRV HP
SDLVDJHQV DQWURSL]DGDV DLQGD SUHVHUYDP DOWD GLYHUVLGDGH GH HVSpFLHV H SRU LVWR
WrPYDORUHFROyJLFRHFROyJLFRSDUDDFRQVHUYDomR LLFRPRHVVDGLYHUVLGDGHHVWi
RUJDQL]DGD SDUWLomRGDGLYHUVLGDGHHD WUDMHWyULDGHPXGDQoDQDFRPSRVLomRGH
HVSpFLHV KRPRJHQHL]DomR RX GLIHUHQFLDomR IORUtVWLFD LLL VH RV IUDJPHQWRV VmR
FDSD]HVGHPDQWHUHVVDGLYHUVLGDGHDRORQJRGRVDQRVHLYFRPRDFRPSRVLomR
GDSDLVDJHPDIHWDDVFRPXQLGDGHV UHPDQHVFHQWHV1yVHQFRQWUDPRVTXHPHVPR
IUDJPHQWRV ORFDOL]DGRVHPSDLVDJHQVFRPEDL[DFREHUWXUD IORUHVWDOH LQVHULGRVHP
PDWUL]HVDQWUySLFDVSRGHP WHU DOWD ULTXH]DHGLYHUVLGDGHGHHVSpFLHV FDStWXOR
DVVLPFRPRHVSpFLHVH[FOXVLYDVUDUDVHDPHDoDGDV0HVPRDSUHVHQWDQGRDOJXQV
VLQDLV GH SHUWXUEDomR FRPR DOWD GHQVLGDGH GH LQGLYtGXRV ILQRV H EDL[RV QyV
DFUHGLWDPRV TXH FRQVLGHUDQGR DSHQDV D FRPSRVLomR IORUtVWLFD HVVHV IUDJPHQWRV
WrPDOWRYDORUHFROyJLFRHFROyJLFRSDUDFRQVHUYDomR
$OpP GLVVR YHULILFDPRV TXH HVVHV IUDJPHQWRV DSUHVHQWDP DOWD
GLYHUVLGDGHEHWD FDStWXORFRQWUDULDQGRDVH[SHFWDWLYDVGD OLWHUDWXUD'HDFRUGR
FRP WUDEDOKRV UHFHQWHV HUD HVSHUDGR TXH IUDJPHQWRV SHTXHQRV LVRODGRV H
LQVHULGRV HP PDWUL]HV DQWUySLFDV HVWLYHVVHP SDVVDQGR SRU XP SURFHVVR GH
KRPRJHQHL]DomRIORUtVWLFDEDL[DGLYHUVLGDGHEHWD1yVHQFRQWUDPRVWDPEpPTXH
D YDULDomR QD GLYHUVLGDGH EHWD HQWUH RV IUDJPHQWRV p GHYLGD j VXEVWLWXLomR GH
HVSpFLHV³WXUQRYHU´HQmRDRDQLQKDPHQWR(PRXWUDVSDODYUDVHVWiKDYHQGRXPD
WURFD GH HVSpFLHV QDV iUHDV H QmR XPD SHUGD RUGHQDGD GH HVSpFLHV PDLV
VHQVtYHLV 1yV DWULEXtPRV HVVHV UHVXOWDGRV VXUSUHHQGHQWHV D GRLV IDWRUHV L DV
iUHDVDLQGDPDQWrPFHUWDKHWHURJHQHLGDGHDPELHQWDOTXHPDQWpPR ³WXUQRYHU´GH
HVSpFLHVHLLRWLSRGHPDQHMRGHVHQYROYLGRQDVPDWUL]HVGDUHJLmRpEDL[RHDMXGD
DPDQWHUDGLYHUVLGDGHGRVIUDJPHQWRV(VVHVUHVXOWDGRVIRUDPHQFRQWUDGRVWDQWR
SDUDSODQWDVGHGRVVHOTXDQWRSDUDDVGHVXEERVTXHRIHUHFHQGRLQGtFLRVGHTXH
RVIUDJPHQWRVVmRFDSD]HVGHPDQWHUDOWDGLYHUVLGDGHDRORQJRGRVDQRV
7HVWDPRV WDPEpP R HIHLWR GD FRPSRVLomR GD SDLVDJHP VREUH RV
DWULEXWRV GDV FRPXQLGDGHV GH iUYRUHV DGXOWDV H UHJHQHUDQWHV FDStWXOR  FRP R
REMHWLYRGHYHULILFDUVHHVVDViUHDVVmRFDSD]HVGHPDQWHUDGLYHUVLGDGHDRORQJR

GRVDQRVHFRPRDFRPSRVLomRGDSDLVDJHPDIHWDRVIUDJPHQWRVIORUHVWDLV$PDWUL]
GHSDVWRDXPHQWDDGLYHUVLGDGH ULTXH]DHDEXQGkQFLDGH LQGLYtGXRV UHJHQHUDQWHV
QRV UHPDQHVFHQWHV$WULEXtPRV HVVH UHVXOWDGR DR EDL[RPDQHMR GHVHQYROYLGR QDV
iUHDVGHSDVWDJHQVGDUHJLmR LVWRpQDVSDVWDJHQVGDUHJLmRKiSRXFRVDQLPDLV
SRXFDPHFDQL]DomRHEDL[RXVRGHDJURWy[LFRV'LDQWHGLVVRQyVDFUHGLWDPRVTXH
PDLV LPSRUWDQWHTXHR WLSRGHPDWUL]pR WLSRGHPDQHMRGHVHQYROYLGRQDViUHDV
&RQFOXV}HVLPSRUWDQWHVSRGHPVHUWLUDGDVGHVVHVUHVXOWDGRVL LQGLYtGXRVDGXOWRV
QmR VmR ERQV LQGLFDGRUHV GRV HIHLWRV GD IUDJPHQWDomR VREUH DV FRPXQLGDGHV GH
SODQWDVLLDIUDJPHQWDomRQHPVHPSUHOHYDDKRPRJHQHL]DomRIORUtWLFDLLLWLSRGH
PDQHMR SDUHFH VHUPDLV LPSRUWDQWH TXH R WLSR GHPDWUL] H LY D FRPSRVLomR GH
HVSpFLHVIXWXUDVHUiGLIHUHQWHHSRVVLYHOPHQWHDDOWDGLYHUVLGDGHGHHVSpFLHVJDPD
VHUiPDQWLGD
&RPEDVHQHVVHVUHVXOWDGRVQyVSRGHUtDPRVFRQFOXLUTXHDViUHDVVmR
SURPLVVRUDV SDUD D PDQXWHQomR GD ELRGLYHUVLGDGH 1R HQWDQWR QyV WDPEpP
EXVFDPRV HQWHQGHU FRPR YDULD D GLYHUVLGDGH IXQFLRQDO GHVVHV DPELHQWHV H FRPR
HVWD p DIHWDGD ,QIHOL]PHQWH SDUD HVVHV GDGRV QRVVRV UHVXOWDGRV VmR
SUHRFXSDQWHV 2V LQGLYtGXRV DGXOWRV DSUHVHQWDP EDL[D GLYHUVLGDGH EHWD H D
FRPXQLGDGHDSUHVHQWDXPDHVWUXWXUDDQLQKDGD(VVHVUHVXOWDGRVLQGLFDPTXHSDUD
FRPXQLGDGHDGXOWDHVWiKDYHQGRXPDSHUGDRUGHQDGDGHIXQo}HVPDLVVHQVtYHLVH
XP DXPHQWR QD DEXQGkQFLD GDV IXQo}HVPDLV WROHUDQWHV (P RXWUDV SDODYUDV DV
IXQo}HV GDV SODQWDV QRV IUDJPHQWRV PHQRV GLYHUVRV VmR XP VXEFRQMXQWR GDV
IXQo}HV GDV SODQWDV QRV IUDJPHQWRV PDLV GLYHUVRV $OpP GLVVR HVVHV ~OWLPRV
IUDJPHQWRVHVWmRGRPLQDGRVSRUSODQWDVTXHH[HUFHPIXQo}HVPDLVWROHUDQWHV-iR
HVWUDWR UHJHQHUDQWH DSUHVHQWDPHQRU GLYHUVLGDGH IXQFLRQDO TXH R HVWUDWR DGXOWR H
DOWDDEXQGkQFLDGH LQGLYtGXRVHPIXQo}HVPDLV WROHUDQWHV(HVVDV IXQo}HVHVWmR
VHQGREHQHILFLDGDVSHODSRUFHQWDJHPGHPDWUL]GHSDVWRDRUHGRUGRVIUDJPHQWRV
(PRXWUDVSDODYUDVTXDQGRDQDOLVDPRVDSHQDVDGLYHUVLGDGHH ULTXH]D
GHHVSpFLHVRVIUDJPHQWRVDSUHVHQWDPXPERPHVWDGRGHFRQVHUYDomR(QWUHWDQWR
TXDQGRDQDOLVDPRVDGLYHUVLGDGHIXQFLRQDOYHULILFDPRVTXHDSHVDUGHKDYHUPXLWDV
HVSpFLHV HVVDV GHVHPSHQKDP DVPHVPDV IXQo}HVPDLV WROHUDQWHV $FUHGLWDPRV
TXHVHQDGDIRUIHLWRFRPRLQWXLWRGHUHFXSHUDUDGLYHUVLGDGHIXQFLRQDOGDViUHDVR
IXWXURGHVVHVIUDJPHQWRVpLQFHUWR8PDPHGLGDPLQLPL]DGRUDVHULDRSODQWLRGLUHWR
GHiUYRUHVFRPIXQo}HVPDLVVHQVtYHLV

(QWUH DV FRQWULEXLo}HV GR QRVVR HVWXGR SRGHPRV GHVWDFDU L
LQIRUPDo}HV VREUH D IORUD UHJLRQDO LL DXPHQWR GR FRQKHFLPHQWR VREUH D
GLVWULEXLomR JHRJUiILFD H DEXQGkQFLD GDV HVSpFLHV LLL UHIHUrQFLD SDUD WUDEDOKRV
IXWXURV H PDLV DSOLFDGRV LY LPSRUWkQFLD GD DPRVWUDJHP GR VXEERVTXH Y
GHPRQVWUDU R SRWHQFLDO GRV SHTXHQRV IUDJPHQWRV SDUD FRQVHUYDomR GD
ELRGLYHUVLGDGHYLPHOKRUDURHQWHQGLPHQWRVREUHRSURFHVVRGHKRPRJHQHL]DomR
IORUHVWDO HP IUDJPHQWRV IORUHVWDLV WURSLFDLV YLL PRVWUDU D LPSRUWkQFLD GD
KHWHURJHQHLGDGH LQWUtQVHFD H GR FRQWH[WR GD SDLVDJHP SDUD PDQWHU D DOWD
GLYHUVLGDGH HP iUHDV IUDJPHQWDGDV YLLL PHOKRU HQWHQGLPHQWR GRV SURFHVVRV
UHVSRQViYHLVSHODYDULDomRGDEHWDGLYHUVLGDGHHQWUHUHPDQHVFHQWHVIORUHVWDLV8PD
DERUGDJHPPXLWR LPSRUWDQWHSDUDDQDOLVDURVSURFHVVRVHFROyJLFRVTXHRUJDQL]DP
DV FRPXQLGDGHV TXH QmR IRL FRQVLGHUDGD QHVVH HVWXGR GHYLGR DV GLILFXOGDGHV
PHWROyJLFDVpDGLYHUVLGDGHILORJHQpWLFD'HVVDIRUPDVXJHULPRVHVWDPHGLGDVHMD
FRQVLGHUDGDHPHVWXGRVIXWXURV
$OpPGHVVDVFRQWULEXLo}HVHVVH WUDEDOKRpXPDOHUWD)XWXURV WUDEDOKRV
VREUHRVHIHLWRVGDIUDJPHQWDomRQmRSRGHPVHUEDVHDGRVDSHQDVHPGLYHUVLGDGH
GH HVSpFLHV H p QHFHVViULR FRQVLGHUDU R HVWUDWR UHJHQHUDQWH &DVR HVVHV GRLV
DVSHFWRV QmR WLYHVVHP VLGR FRQVLGHUDGRV QR QRVVR WUDEDOKR QyV QmR
FRQKHFHUtDPRV R UHDO HVWDGR GH FRQVHUYDomR GDV iUHDV 0DLV HVWXGRV DLQGD
SUHFLVDP VHU UHDOL]DGRV SDUD HVFODUHFHU TXHVW}HV FRPR HP TXH FRQGLo}HV Ki
KRPRJHQHL]DomRIORUtVWLFDHIXQFLRQDOFRPRYDULDDGLYHUVLGDGHEHWDHPDPELHQWHV
IUDJPHQWDGRV H FRPR D SDLVDJHP SRGH DPSOLILFDU RX PLQLPL]DU RV HIHLWRV GD
IUDJPHQWDomR6XJHULPRVTXHWUDEDOKRVIXWXURVFRQVLGHUHPDLQWHQVLGDGHGRPDQHMR
FRPRXPIDWRULPSRUWDQWHSDUDUHVSRQGHUDOJXPDVGHVVDVTXHVW}HV
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